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Preface 


The volume of aquaculture production worldwide has 
grown at a rate of approximately 8% per year over 
the last decade. Continued growth is expected due to 
increases in world population and the apparent lev¬ 
eling off of the capture of many commercial fish¬ 
eries species. Farmed salmon and shrimp production 
have grown to dominate their respective world mar¬ 
kets over the last several decades. More recently, new 
global markets have emerged for farmed species such 
as tilapia (Oreochromis sp.), channel catfish (Ictalurus 
punctatus) and the basa/tra species (Pangasius sp.). 
Continued growth, however, depends not just on de¬ 
mand but also on the economic and financial viability 
of the businesses developed. 

Aquaculture production presents some unique chal¬ 
lenges for economic analysis. While there are many 
books that address the theory and methodology of eco¬ 
nomic and financial analysis, there are few that present 
clear details on applications to aquaculture businesses. 
The few that do are quite general in nature and rely on 
hypothetical examples that omit the often-messy de¬ 
tails of the real world. The difficulties posed by aqua¬ 
culture businesses are rarely discussed or addressed. 
The problem is exacerbated by the lack of practical 
knowledge and experience in aquaculture on the part 
of many economists. Simplifying assumptions make 
analyses more tractable, but too often obscure the prob¬ 
lems and challenges faced by those attempting to make 
a living from aquaculture. 

As a result, researchers who wish to add an eco¬ 
nomics component to a production aquaculture trial 
have little guidance. The unfortunate result is that key 
costs are too often ignored, invalid assumptions are 
made, and analytical tools are applied incorrectly. 
These errors degrade the quality of the work and may 
lead to erroneous or misleading conclusions. 

The intent of this book is to provide a detailed and 
specific set of guidelines for both aquaculture busi¬ 
nessmen and women and researchers related to the use 


of economic and financial analysis of aquaculture. The 
goal of the book is to remove the mystery or “voodoo” 
from economic analysis as it is applied to aquaculture 
and to provide a guide for its accurate application. 

This book discusses key issues related to both 
financing and planning for aquaculture businesses, 
how to monitor and evaluate economic and financial 
progress, and how to manage the capital, labor, and 
risk in the business. The book works through the spe¬ 
cific application of farm management and financial 
analysis tools for aquaculture. Particular attention is 
paid to those line items and valuation methods that 
are most often confused or in error in aquaculture. A 
section on use and misuse of budgeting techniques in 
research should assist aquaculture researchers to avoid 
common mistakes. Additional chapters on risk analy¬ 
sis and whole-farm modeling provide a sense of more 
advanced techniques and their applicability. Finally, 
a chapter on managing government regulations pro¬ 
vides guidance for adjusting to an increased number 
of regulatory activities. 

The book is based entirely on aquaculture examples 
and literature with an emphasis on farm-level data and 
analysis. It is written in terminology that aquaculture 
researchers and business persons will readily follow 
and understand. The section on the application of eco¬ 
nomic analysis in aquaculture research is unique; no 
other book outlines how to value parameters measured 
in aquaculture field trials. 

The book includes a specific, detailed example of 
a practical application in each chapter. A section on 
other applications in aquaculture is included to paint a 
broad picture of the economics of aquaculture around 
the world while providing comprehensive guidance on 
each particular topic. 

The three principal audiences for this book are: (1) 
aquaculture business owners and managers; (2) those 
who conduct research on aquaculture production sys¬ 
tems, strategies, equipment, or management practices; 
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Preface 


and (3) students preparing for careers either in the in¬ 
dustry or in aquaculture research. The book should 
appeal to practitioners in a number of different coun¬ 
tries, but especially those with aquaculture industries. 

Aquaculture business owners and managers will 
likely be most interested in Section I: Managing Aqua¬ 
culture Businesses. The chapters in this section are de¬ 
signed for those who are likely to hire an accountant to 
develop the analyses, but need to know what questions 
to ask and how to interpret the answers. This section 
works through the key questions related to starting an 
aquaculture business, some basic marketing consider¬ 
ations, business planning, understanding how to inter¬ 
pret the financial statements prepared by accountants 
for businesses, cash flow, financing, and management 
of capital assets, labor, and risk. The key focus in this 
section is on the use of information to make man¬ 
agement decisions. Those aspects of aquaculture busi¬ 
nesses that are unusual or different from other types 
of businesses are emphasized from the perspective of 
managing the business effectively for profit. Chapter 
18 on managing government policies and regulations 
will also be of interest to aquaculture business owners. 

Section II, Economic and Financial Analysis of 
Aquaculture Businesses, is for students and those 
who wish to understand the details of how to develop 


and complete the various types of economic analyses 
that are commonly used in the economic analysis 
of aquaculture. Each chapter presents in detail the 
mechanics and methodology for developing enterprise 
budgets, partial budgets, balance sheets, income state¬ 
ments, cash flow budgets, and investment analyses. 
Challenges and common pitfalls associated with use 
of each of these methodologies are discussed in each 
chapter. 

Section III. Research Techniques to Analyze Farm- 
Level Decision-Making, is written especially for those 
who conduct research on aquaculture production sys¬ 
tems, strategies, equipment, or management prac¬ 
tices. Misleading assumptions, omitted costs, over¬ 
estimating revenues, and misapplication of research 
data can be common in economic analysis based on 
aquaculture research. This section reviews these chal¬ 
lenges and describes detailed approaches to developing 
accurate economic analyses with production research 
data. 

The book includes an annotated bibliography and a 
webliography of resources. Software products avail¬ 
able for economic and financial analyses are listed and 
described. It is my hope that you will find this book 
useful and that it will help aquaculture businesses to 
be efficient, viable, and profitable. 
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Section I 

Managing Aquaculture Businesses 


INTRODUCTION TO SECTION I: 
MANAGING AQUACULTURE 
BUSINESSES 

This section focuses on the use and application of eco¬ 
nomic tools and interpretation of their results. It is 
designed primarily for owners and managers who hire 
others to prepare financial statements and analyses. At 
the same time, those who are trained to conduct eco¬ 
nomic and financial analysis but who are not familiar 
with aquaculture should also find this section useful. 

Aquaculture is a management-intensive business. 
The need for intensive and skilled management stems 
from the high level of capital invested in the facil¬ 
ities, and in the high levels of operating capital re¬ 
quired to operate a competitive and profitable business. 
Throughout aquaculture, undercapitalization (not hav¬ 
ing enough capital to make payments and survive the 


sometimes lengthy startup periods) has been a consis¬ 
tent problem. 

Individual companies must answer a series of ques¬ 
tions that involve pricing, output, and market posi¬ 
tioning. Key questions that the manager must answer 
include: (1) how much should be produced; (2) how 
much input should be used; (3) what is the optimal 
size of the business; (4) how should cash flow be man¬ 
aged; (5) how should risk be managed; (6) how will the 
business be financed; and (7) how can business perfor¬ 
mance be optimized? Thus, it is the manager who must 
develop the business plan, monitor economic and fi¬ 
nancial performance of the business, and manage cash, 
capital, labor, and risk. Each of the following chapters 
discuss specific aspects of the types of management 
functions and decisions that need to be made by the 
manager. 
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Starting an Aquaculture Business 


Aquaculture has grown rapidly in volume and in com¬ 
plexity around the world in the last several decades. 
While aquaculture has a centuries-long history as a 
source of food for households in Asia and Africa, the 
most dramatic change in more recent years has been 
the development of aquaculture businesses into com¬ 
plex industries. These industries operate on national 
and international levels. 

Development of efficient and viable businesses re¬ 
quires careful evaluation and thorough planning for the 
new business. This book presents details on the pro¬ 
cess of business planning (see Chapter 3) as well as 
on how to prepare the various types of financial state¬ 
ments needed for thorough planning (see Chapters 10 
through 14). Chapter 1 begins by outlining steps to be 
considered before starting the business. 

The new business owner must think carefully about 
what will set his or her business apart, both from other 
existing businesses and from other future businesses. It 
is critical to identify the strengths, abilities, and skills 
owned and available that will help the farm owner to 
be successful. This chapter discusses the motivation 
and goals for starting an aquaculture business, and 
the capital- and management-intensive nature of aqua¬ 
culture. Marketing challenges and trade-offs associ¬ 
ated with various organizational structures, financing, 
and the availability of resources are contrasted. It con¬ 
cludes with a discussion of permits, regulations, and 
sources of assistance. Figure 1.1 illustrates the various 
steps that will be needed to start a successful aquacul¬ 
ture business. 

MOTIVATION AND GOALS 

The first step to starting an aquaculture business is to 
carefully consider one’s goals and motivation. An in- 

Aquaculture Economics and Financing: Management and Analysis 
Carole R. Engle © 2010 Carole R. Engle. ISBN: 978-0-813-81301-1 


dividual interested in starting an aquaculture business 
must fully understand why he or she wants to do this. 
Some individuals enjoy working outdoors with fish and 
dislike office work and paperwork. These individuals 
may do an admirable job like raising fish on the farm. 
However, inadequate attention to the business aspects 
of the aquaculture business will result in financial fail¬ 
ure. If the owner spends all his or her time caring for 
the fish, who will take care of the permits, regulations, 
financial statements, and economic performance of the 
business? 

Others who wish to start an aquaculture business 
may view it as a way to make a great deal of money. 
There certainly are success stories of aquaculture busi¬ 
nesses that have become profitable businesses. How¬ 
ever, aquaculture businesses are intensive businesses 
that require management committed to working long 
hours under often difficult conditions. Who will pro¬ 
vide that level of management? 

Still others view aquaculture as the wave of the fu¬ 
ture and want to get in on the ground floor. However, 
businesses developed to raise the latest “hot” species 
with the newest production technology frequently are 
beset with substantial levels of financial, price, and 
yield risk. Aquaculture entrepreneurs must be prepared 
to manage the degree of risk associated with their busi¬ 
ness model and plan. 

It is important to develop clear and specific goals for 
the business from the beginning. For example, what is 
adequate revenue for one individual may not be suf¬ 
ficient to entice another to invest the necessary time 
and money. The effects of starting a new business on 
the farmer’s family must be considered carefully. Will 
family members be supportive and helpful or will they 
resent the time that must be invested in the business? 
The early years of an aquaculture business may gener¬ 
ate minimal revenue, and the family may be required 
to live for a time on reduced income. 
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Managing Aquaculture Businesses 



Figure 1.1. Starting an aquaculture business. 


AQUACULTURE IS A 
CAPITAL-INTENSIVE BUSINESS 

The majority of aquaculture businesses require sub¬ 
stantial amounts of both operating and investment 
capital. One of the largest problems encountered in 
starting an aquaculture business often is to acquire suf¬ 
ficient capital. Undercapitalized farms and processing 
plants rarely survive. Careful thought and planning 
need to go into determining the amount of capital 
needed to operate at an efficient level and to identi¬ 
fying sources for the needed capital. 

Capital requirements begin with the investment cap¬ 
ital needed to purchase land, build production facili¬ 
ties, and purchase equipment. Depending on the spe¬ 
cific location, new roads may need to be constructed, 
electric power lines may need to be installed, or there 
may be additional infrastructure required that will in¬ 
crease the total amount of investment capital needed. 
Capital required for marketing facilities must be in¬ 
cluded in the planning. Is a shed needed to hold, grade, 
and sell the fish? If so, a water supply system to fill 
hauling trucks will also be required. Perhaps an ice 
machine is required, depending on the form of the 
products sold. If the farm will do its own hauling and 


transportation, then the trucks, tanks, oxygen systems, 
and loading equipment will also be needed. In all, in¬ 
vestment capital for an aquaculture business typically 
will be several thousand dollars an acre of produc¬ 
tion for pond systems, and can range from $0.30 to 
$7.00/lb across the many different types of species 
and production systems. More information on invest¬ 
ment capital requirements can be found in Chapter 10, 
and techniques to measure the profitability of such an 
investment can be found in Chapter 13. 

The high level of investment capital required for an 
aquaculture business results in high levels of annual 
fixed costs (see Chapter 10 for more details on what 
constitute annual fixed costs). The best way to reduce 
the fixed cost portion of the cost of producing fish 
is to produce at an intensive level with high yields. 
High yields spread the annual fixed costs over a greater 
level of production and lower the cost per pound of 
production. 

Operating capital requirements often are as substan¬ 
tial as investment capital requirements for aquaculture 
businesses. Frequently, this is because high yields are 
needed to lower the per-pound annual fixed costs and 
keep production costs at a competitive level. Achieving 
high yields requires high numbers of fingerlings, large 
amounts of feed, greater electricity for aeration, and 
corresponding amounts of other inputs such as labor, 
repairs and maintenance, and fuel. Operating costs fre¬ 
quently can be $2,000-$5,000/acre for pond systems 
and $33,000-$ 150,000/acre for intensive systems such 
as raceways and indoor systems. 

Operating cost requirements are compounded by the 
fact that some types of fish raised do not reach market 
size in one growing season. Thus, the prospective fish 
farmer often must prepare to operate the business for 
more than a year without receiving revenue from the 
business. Careful financial planning and good commu¬ 
nication with one’s banker are keys to having access 
to sufficient amounts of capital with which to build the 
business until it reaches its full production capacity. 

The high levels of capital required for many aquacul¬ 
ture businesses result in substantial amounts of finan¬ 
cial risk (see Chapters 8 and 16). The profit potential is 
often accompanied by a variety of risks, and the large 
sums of money invested in an aquaculture business 
can be lost quickly. The best method to prevent such 
losses is adequate and thorough planning, monitoring, 
and assessment of the economics and finances of the 
aquaculture business throughout its life. If the owner is 
not willing to spend the time to monitor the business’ 
financial performance, then it is essential to hire or 
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retain an expert to keep a constant and close eye on its 
economic aspects. Otherwise, the likelihood of failure 
and severe financial losses is high. 

AQUACULTURE IS A 

MANAGEMENT-INTENSIVE 

BUSINESS 

The high levels of investment and operating capital re¬ 
quired in aquaculture businesses, along with the inten¬ 
sive nature of production of aquatic animals requires 
a high degree of management. When aquatic animals 
are confined in a production unit, constant attention 
is needed to the quality of the growing conditions for 
the fish. Maintaining adequate levels of oxygen and 
other critical water quality parameters, and prevent¬ 
ing problems associated with the breakdown of waste 
products in the system, takes careful and constant 
monitoring. Diseases spread rapidly when animals are 
maintained in close confinement. Thus, attention must 
be paid to monitoring the health of the animals and 
taking necessary actions when there are indications of 
disease. 

Marketing and sales of aquatic products can repre¬ 
sent management challenges depending upon the na¬ 
ture of the target market. Farms engaged in direct sales 
will require a great deal of management attention to 
marketing functions and activities. Even farms that 
sell directly to a processing plant must have managers 
who pay close attention to the requirements of pro¬ 
cessors. These requirements include quality standards 
and delivery requirements, among others, to minimize 
dockages from fish that do not meet specifications. 
Top managers ensure that their farm is considered to 
be a preferred supplier, one that consistently delivers 
quality fish, within specification, and on time. 

Management must keep a close eye on costs and 
production efficiencies throughout the production pro¬ 
cess. This includes monitoring the efficiency of labor, 
feed usage, use of electricity and fuel, and use and 
care of equipment. Feed, for example, is frequently 
the largest single component of the cost of raising an 
aquaculture crop. Feeding carefully and appropriately 
will ensure a better feed conversion ratio and will re¬ 
sult in more pounds of fish produced per pound of 
feed applied. Similarly, judicious use of aeration can 
provide adequate oxygen levels by turning aerators on 
sequentially, as needed, rather than turning on more 
aerators than are needed at one time. Taking time to 
keep equipment well maintained and to ensure that it 
is operated correctly will reduce the costs of repairs 


and will extend its life. This will reduce the cost of 
equipment as a percentage of the total cost of produc¬ 
tion. 

Moreover, the manager must be able to think and 
plan strategically. Preparing to stay ahead of fu¬ 
ture challenges requires examination of the business’s 
strategic plan from a variety of different perspectives. 

MARKETING CHALLENGES 

Many individuals who wish to start an aquaculture 
business are captivated by the animals and plants that 
they wish to raise and will spend many hours talking 
about their biology and growing requirements. How¬ 
ever, the marketing challenges of starting a new aqua¬ 
culture business often are greater than the production 
challenges and ultimately more important. Successful 
aquaculture businesses are managed and owned by in¬ 
dividuals who spend as much time exploring marketing 
options and trends as they do working on production 
efficiencies. Chapter 2 of this book discusses market¬ 
ing issues and strategies related to aquaculture prod¬ 
ucts in greater detail and Chapter 3 outlines steps in 
the development of marketing plans as part of an over¬ 
all business plan. This chapter discusses some general 
concepts. 

There are a number of overarching trends and chal¬ 
lenges that prospective aquaculture business owners 
should consider. Most species that are being aquacul- 
tured at one time were primarily a wild-caught species. 
Many of these species have existing markets and de¬ 
mand that were based originally on supply from cap¬ 
ture fisheries. Preferences for wild-caught as compared 
to farmed fish vary by region. Care must be taken to un¬ 
derstand these preferences in the market targeted for 
the business’s product. As farmed product becomes 
available in the market, it frequently must compete 
with wild-caught product that is already well estab¬ 
lished in the market. However, the cost of producing 
farmed fish, especially in the early years of startup 
businesses, requires a price that often is higher than 
that of wild-caught fish. To establish a new product in 
the market often requires differentiating it from wild- 
caught and other similar products to capture a price 
that will cover production costs. 

The seafood market has undergone dramatic 
changes in the last several decades. The possible ef¬ 
fects of current and emerging trends must be consid¬ 
ered carefully in planning for successful marketing 
programs. Seafood in earlier decades was primarily 
a locally sourced, fresh product supplied by either 
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fishermen or specialized jobbers and small-scale 
wholesalers. Changes in packaging and freezing tech¬ 
nologies have opened the door for global trade in 
seafood that has continued to increase dramatically. 
The increase in global trade in seafood has resulted 
in a number of conflicts and competition with fish 
raised domestically. All types of fish and seafood 
are now shipped around the world to satisfy various 
markets. 

Dynamic markets like those for seafood, while chal¬ 
lenging, can also offer opportunities for entrepreneurs. 
For example, the shrimp and salmon industries world¬ 
wide have benefited from the increase in global trade 
and technology. These segments of aquaculture have 
grown to dominate shrimp and salmon markets world¬ 
wide. 

Food marketing in general has undergone dramatic 
changes in recent decades that have resulted in changes 
along the supply chain. The driving force has been 
the emergence of strong market power at the level 
of the large hypermarket discount retail sector, exem¬ 
plified by companies like Wal-Mart. In response to 
this concentration of market power, wholesalers and 
food service distributors have also become more con¬ 
centrated. This has increased pressure on growers to 
either consolidate by integrating vertically to capture 
market power, or to form cooperative or other forms 
of organizations to be able to compete. 

Startup aquaculture businesses must identify the 
specific market that the business plans to target. The 
overall marketing plan (see also Chapter 3) must also 
identify the competition and the unique position the 
company’s product will occupy in the market. The 
product must be defined well and must match the way 
it is positioned in the market for the targeted customers. 
Careful attention should be paid to the size of the mar¬ 
ket, long-term price trends, and distribution patterns 
of similar products. 

The marketing plan must lay out an effective pro¬ 
motion and advertising plan. Even the smallest-scale 
aquaculture farms must have a plan to spread the word 
about their products. Promotion is a way to transmit in¬ 
formation about the attributes of the product, the price, 
and why the consumer should purchase it. 

Appropriate and effective market channels must be 
developed. Is the farmer planning to transport all the 
fish produced to the various markets? The amount of 
time needed to transport fish to markets must be deter¬ 
mined and adequate personnel included in the business 
plan. The length of round trips that can be undertaken 
feasibly can be an important factor. If the farmer does 
not intend to transport his or her own fish, relationships 


and agreements will be needed with a wholesaler or 
distributor. 

ORGANIZATIONAL STRUCTURE 
FOR THE AQUACULTURE BUSINESS 

Most farms in the United States have a single owner 
and are classified as sole proprietorships. In a sole 
proprietorship, the farmer is self-employed and has 
legal title to the property. This is the simplest form of 
business structure, but it also entails the greatest risk. 
Risk results from the liability for any debt obligations 
or accidents that falls entirely on the owner in a single 
proprietorship. Moreover, the liability is not limited 
to what the farmer has invested in the business. The 
farmer can lose his or her land and home as a result of 
severe adverse situations. 

Some farmers form partnerships with family mem¬ 
bers or others to gain access to additional resources 
such as land, equipment, labor, or management. Part¬ 
nerships can be either general or limited. Partners share 
in all ownership, management, and liability in a general 
partnership. Limited partners share in the profits and 
losses of the business but not in the management. In 
this way, the limited partner provides resources such 
as capital, but management decisions are under the 
control of the principal owner. 

Some segments of aquaculture have integrated verti¬ 
cally and have developed into corporations. In a corpo¬ 
ration, capital is provided by shares of stock, and the 
management and control are provided by the stock¬ 
holders, the board of directors, and the officers. The 
board sets policies, and the officers manage the daily 
activities of the company. Stockholders, while owners 
of the company, are not personally liable for actions 
of the corporation. Their liability is limited to their 
investment in stocks. 

There are also subchapter C and subchapter S cor¬ 
porations. With C corporations, dividends received by 
stockholders are taxed as income, while S corporations 
are taxed as limited partnerships. The officers are paid 
before the remaining profits are distributed. 

AVAILABLE RESOURCES 

An important step in starting an aquaculture business 
is to develop a frank assessment of the resources avail¬ 
able for the business. New businesses fail more often 
than they succeed, often due to the lack of adequate 
resources. The assessment of available resources be¬ 
gins with the individual. The owner must be inno¬ 
vative, persistent, resourceful, and determined to find 
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solutions to the many problems that will arise. The 
assessment should extend to physical resources avail¬ 
able that include land, existing ponds, wells or other 
types of water supply, farm equipment, and buildings. 
The assessment must be thorough and detailed. For 
example, the individual may have an adequate quan¬ 
tity of land available, but current or impending zoning 
regulations may prohibit its use for aquaculture. Water 
and soil analyses should be done to check the suitabil¬ 
ity for the species to be considered. Some freshwaters 
have enough salinity to consider some crops like ma¬ 
rine shrimp that can tolerate low levels of salinity. 
There must also be adequate backup equipment in the 
event of breakdowns, generators for power outages and 
backup aeration equipment. Resources also include the 
availability of adequate quantities of seedstock. 

The availability of labor resources can be an impor¬ 
tant factor in the success or failure of a new business. 
The assessment of labor availability should include any 
family labor that is available to assist with the farm. 
A realistic assessment must be made of the local labor 
supply and the availability of adequately trained la¬ 
bor that can be hired for the aquaculture business. The 
type of labor is also an important consideration. Aqua¬ 
culture businesses often require more skill than some 
other types of agriculture, and the ability of workers 
to handle the new responsibilities must be evaluated 
carefully. For example, workers who cannot swim or 
who are afraid of the water may have difficulty adjust¬ 
ing to working around it constantly. Much aquaculture 
requires long and irregular hours during the main 
growing season. Workers may or may not be willing to 
work such hours. The degree of equipment on the farm 
requires a great deal of maintenance. An aquaculture 
business requires either a mechanic hired on the farm 
or the business must be prepared to have higher repair 
and maintenance costs. 

The availability of management resources must be 
assessed. The level of expertise and skill of the owner 
to manage the production, marketing, and financing 
of the aquaculture business must be evaluated frankly. 
If the owner has excellent aquaculture skills but is 
weak in financial analysis, an appropriate accountant 
or financial analyst will need to be hired, contracted, 
or retained. Similarly, if the owner has good business 
skills in marketing and financing, but lacks experience 
in culturing aquatic animals, hiring a production man¬ 
ager with adequate aquaculture skill and expertise will 
be essential. 

Sufficient capital resources must be available as 
well. Both investment and operating capital are re¬ 
quired in necessary quantities to be received at ap¬ 


propriate times. The operating line of credit must be 
structured to continue the business throughout the en¬ 
tire startup period during which the business begins 
to generate returns. Depending on the type of busi¬ 
ness, this may be a period of 2-3 years before sub¬ 
stantial revenue can be generated from the aquaculture 
business. The investment capital must be available in 
sufficient quantities to provide facilities to minimize 
risk. This includes sufficient redundancy in equipment 
to cover power outages, breakdowns, and unantici¬ 
pated extended periods of adverse weather conditions. 
Maintenance requirements must be accounted for in 
financial planning. This includes the capital to be able 
to replace all equipment and facilities when necessary. 

The availability of adequate credit will depend in 
part on the ability of the owner to finance the opera¬ 
tion through equity or to have the credit capacity to 
borrow the necessary amounts of capital. This in turn 
will depend upon the individual’s balance sheet, avail¬ 
ability of collateral, and overall credit worthiness. 

The particular species selected and their product 
forms are critical decisions. These must match the 
projected price point and the quantity demanded for 
that product form for that species. In selecting the 
species to be raised, thought must be given to whether 
there is competition from imported species or capture 
fisheries, or both. Diversifying farm production with 
several species also serves to spread the market risk of 
price downturns for one specific species. 

The key to starting a successful aquaculture busi¬ 
ness is to match the species to be produced, the pro¬ 
duction system to be used, and the scale and scope 
of operation with the available markets and resources 
(labor, land, capital, and management). Mismatches 
are likely to result in business failure. For example, a 
particular species and production system may exhibit 
strong economies of scale. If the owner is unlikely to 
be able to acquire sufficient capital to construct and 
operate a farm of a large size, it is better to rethink the 
business plan to develop one that is workable with the 
capital resources available. Undercapitalization is of¬ 
ten a major reason for failure of aquaculture farms and 
processing plants. Mismatches between projected and 
actual capital requirements result in financial failure. 

FINANCING 

Adequate financial resources are essential to a suc¬ 
cessful business, and the ability to acquire sufficient 
capital is a key factor. One of the first steps is to identify 
the sources of capital that are available. Venture cap¬ 
ital can be difficult for aquaculture and often follows 
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certain patterns and trends that may not always favor 
financing aquaculture businesses. Private capital from 
partners, whether active or silent, can be considered in 
establishing the business. However, private lenders fi¬ 
nance most aquaculture businesses. Many lenders may 
be skeptical about aquaculture and view it as a risky 
business. Perceptions of high risk in aquaculture may 
lead to less favorable terms of lending, requirements 
for greater owner equity in the business, higher inter¬ 
est rates, or refusal to consider loans for aquaculture 
ventures. 

Financing from private lenders can also be com¬ 
plicated by the fact that many lenders may not have 
substantial experience with aquaculture. Lack of fa¬ 
miliarity with the business can result in unwillingness 
to assess business loan proposals; the loan officer may 
not be comfortable with the estimates of yields, costs, 
or efficiency measures that form the basis of the pro¬ 
posal. It may be necessary to spend a great deal of 
time working with a lender to help them understand 
the basics of aquaculture, introduce them to people 
who are knowledgeable about successful aquaculture 
businesses and the keys to their success, and to keep 
them informed of the most recent trends in aquacul¬ 
ture. It is important to plan for adequate capital to 
provide for the family through the very difficult early 
years of the business. 

HARVESTING AND PROCESSING 

Decisions must be made early on in the development 
of an aquaculture business on how the fish or other 
animals will be harvested and whether they will be 
processed, stored, and transported by the farm busi¬ 
ness. If not, these services will need to be contracted. 
Serious thought needs to be given to the implications 
of these decisions. In areas with little aquaculture pro¬ 
duction, these services may not be available. If the 
farm owner must hire a seining crew, process the prod¬ 
uct, and store and transport it, the owner likely will 
need to operate on a relatively large scale. There are 
some examples of small-scale aquaculture businesses 
that perform these functions, but typically these will 
require a larger scale of business. Processing in par¬ 
ticular has substantial economies of scale that must be 
considered before proposing this type of component 
to the business. 

Product handling throughout transportation and pro¬ 
cessing will affect the end quality of the product. If 
proper conditions are not maintained during harvest 
and transport, the quality of the fillet may suffer. Sim¬ 


ilarly, if processed fillets are not stored or packaged 
properly, the result will be a poor quality product. Ad¬ 
equate planning for these functions is necessary. 

PERMITS AND REGULATIONS 

Part of a careful assessment for a startup business in¬ 
cludes identifying the permits and regulations that will 
affect the new business both currently and in the fu¬ 
ture. Chapter 18 discusses the role of regulations and 
preparing to manage them in greater detail. 

There are a wide variety of types of permits that are 
required in different states, provinces, and countries. 
These permits may refer to the site, the business, ac¬ 
cess to water supplies, discharges, predator control, or 
processing. 

All legal and regulatory statutes relevant to the busi¬ 
ness must be understood and planned for. Some types 
of permits may require lengthy application periods that 
may delay startup of the business. 

SOURCES OF HELP 

There are a number of sources of help and techni¬ 
cal assistance available to the individual considering 
a startup aquaculture business. Table 1.1 summarizes 
several types of assistance available. It is advisable to 
develop an excellent relationship with these groups. 
Universities, extension agents, trade associations, and 
diagnostic laboratories are all essential sources of sup¬ 
port, technical assistance, and help. loining the rele¬ 
vant trade association and inclusion on the mailing list 
of the local extension office will ensure that the new 
farmer receives the latest updates on permits, regula¬ 
tions, issues, and research. 

Plans must include developing contacts with the lo¬ 
cal diagnostic laboratories, pathologists, and techni¬ 
cians. Understanding the best way to submit samples 
for diagnosis and training workers in the procedures 
required will reduce the time to initiate appropriate 
treatments. 

International sources of help include international 
networks that promote aquaculture such as the Net¬ 
work of Aquaculture Centres in Asia-Pacific (NACA). 
A network in Eastern Europe, the Network of Aqua¬ 
culture Centres of Central-Eastern Europe (NACEE), 
similarly promotes aquaculture and provides informa¬ 
tion to industry. 

In the United States, available help includes per¬ 
sonnel of United States Department of Agriculture- 
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Table 1.1. Sources of Help and Assistance for New Aquaculture Businesses. 

Type of organization Type of assistance 


Extension services 

Disease and water quality diagnostics laboratories 

Industry trade associations 
State 
National 
International 
Species specific 
Multispecies 

Government agencies 
State 
Federal 

Related industry segments 
Equipment suppliers 
Feed manufacturers 
Supply company representatives 
Bank 

Local government entities 
Chambers of commerce 
Economic development offices 


Research-based information 

Diagnosis of disease and water quality problems 

Updates on issues 

Political action 

Trade journals 

News 

Updates on issues, meetings 
Updates on issues, meetings 
Information on permits and programs 
Information on permits and programs 
Information on permits and programs 
Information on trends, costs, products 
Information on trends, costs, equipment 
Information on trends, costs, products 
Information on trends, costs, products, permits 
Information on financial position and trends 
Information on trends and permits 
News and local events 

Business and financial assistance and new programs 


Animal Plant and Health Inspection Service/Wildlife 
Services. Permits are required in the United States to 
control fish-eating birds. Severe fines and penalties 
can be levied on farmers who have not obtained the 
necessary permits. Wildlife Services personnel have a 
variety of programs to provide assistance in the control 
of fish-eating birds and in the process of obtaining the 
necessary permits. 

Local and state aquaculture associations can be of 
great help. Subscriptions to aquaculture journals, mag¬ 
azines, and newsletters help to keep abreast of current 
news and impending legislation. 

Extension professionals are some of the best sources 
of information. These are trained scientists who are 
skilled in techniques to disseminate information effec¬ 
tively. They also have the latest research results at their 
fingertips and may offer opportunities for farmers to 
cooperate in on-farm or verification trials. 

Some states and provinces have government offices 
that will assist aquaculture growers. Equipment sup¬ 
pliers, feed manufacturers, supply company represen¬ 
tatives, and restaurant owners can be good sources of 
information on trends, costs, and market data. Local 
chambers of commerce, economic development of¬ 
fices, and banks can also provide relevant and useful 
information. 


RECORD-KEEPING FOR 
AQUACULTURE BUSINESSES 

The intensive nature of successful businesses requires 
managers to maintain detailed records. Those contem¬ 
plating starting an aquaculture business should prepare 
to spend time to maintain records and to analyze them 
periodically throughout the year. This level of man¬ 
agement can make the difference between success and 
failure. 

Records required will include complete records on 
input purchases, use, and inventory. Labor and sales 
records that indicate the quantity sold, the price re¬ 
ceived, and any dockages incurred with each sale must 
be maintained. The ability to sort records into feed 
amounts and fish sales by pond or other fish culture 
unit will provide the manager with a means to evaluate 
pond-level performance and relate this back to man¬ 
agement changes in that pond. Reports from diagnostic 
laboratories on disease incidence by pond will enable 
the manager to search for ways to minimize losses 
due to disease. Financial records must be maintained 
for each loan along with depreciation schedules for 
all equipment in the business. All paperwork related 
to permits and compliance with regulations must be 
maintained over time along with all chemical use on 
the farm. 
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Each of the following chapters presents detailed 
suggestions on how to organize and use records to 
monitor and evaluate farm performance relevant to the 
topic discussed in each chapter. Management decisions 
made from detailed farm records will be more effec¬ 
tive and have greater positive results over time if based 
on detailed historical performance records of the farm 
business. 

PRACTICAL APPLICATION 

Throughout this book, each chapter includes an exam¬ 
ple of an application of the material presented in each 
chapter to the case of a fish farm. To start such a farm, 
the owner will need to begin to address the critical 
issues related to acquiring the necessary management 
skills and capital. If the owner is not skilled and expe¬ 
rienced in managing a fish farm, it will be necessary to 
recruit and hire a skilled manager. Careful thought as 
to how to obtain the capital that will be needed must 
be given from the very beginning. Preliminary contacts 
with lenders will be necessary to identify those more 
likely to loan to fish farmers and to identify the levels 
of lending that each bank can provide. 

Decisions related to the overall structure of the busi¬ 
ness can affect the supply of capital available for 
the fish farm. Developing a partnership or joint ven¬ 
ture with a friend or family member can provide a 
source of capital. The overall financial plan needs 
to detail the capital that will be available from the 
owner and any partners and how much will need to be 
borrowed. 

Marketing decisions also will need to be made early 
on in the planning process for the business. Overviews 
of the market for that particular business and analysis 
of its position in the market can be important. The 
rest of this book provides details of each component 
and analysis that is required to start and maintain a 
successful aquaculture business. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Engle and Valderrama (2001) developed a training 
manual designed to assist shrimp growers to begin 
to develop business plans. The Engle and Valder¬ 
rama (2001) document emphasizes the financial state¬ 
ments needed for a comprehensive business plan for 
shrimp farming in Honduras. A CD is provided with 
spreadsheet templates to assist those who wish to de¬ 


velop comprehensive business plans for their shrimp 
operations. Self-guided tutorials and exercises are 
included. 


SUMMARY 

Aquaculture businesses should be entered into only af¬ 
ter considerable thought and analysis. Greater capital, 
more intensive labor, and high levels of management 
are required to be successful in aquaculture regardless 
whether the business is large or small. 

Comprehensive business and marketing planning 
is necessary. However, other considerations such as 
effects on the family, personal motivations, and the 
availability of adequate resources must also be ana¬ 
lyzed carefully. The remaining chapters in this book 
present detailed information on the steps needed both 
to start up and to maintain a successful aquaculture 
business. 

REVIEW QUESTIONS 

1. What types of specific goals must be set when 
starting an aquaculture business? 

2. Why is it important to assess one’s motivation to 
enter into an aquaculture business? 

3. Why is aquaculture considered to be a capital- 
intensive business? Identify some specific exam¬ 
ples of the capital requirements for various aqua¬ 
culture businesses. 

4. Where does financial risk come from? 

5. Why is aquaculture considered to be a 
management-intensive business? Give some spe¬ 
cific examples for various types of aquaculture 
production. 

6. What are some of the marketing challenges in¬ 
volved in starting up aquaculture business? Give 
some specific examples. 

7. What types of resources must be available for dif¬ 
ferent types of aquaculture businesses? Pick two 
different aquaculture production systems and con¬ 
trast the differences in resource availability that 
would be required. 
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8. List three types of organizational structures that 
can be used for aquaculture businesses and com¬ 
pare the advantages and disadvantages. 

9. What are some of the key considerations related 
to financing new aquaculture businesses? 

10. What are some sources of help and assistance for 
new aquaculture businesses? 
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The focus of this book is on the economics and finance 
of aquaculture businesses. However, an aquaculture 
business will not be successful without a marketing 
program and plan that is appropriate and workable 
for that particular business. This chapter summarizes 
critical factors involved in identifying and developing 
markets for aquaculture products. For a complete 
discussion and presentation of marketing aquaculture 
products, readers are referred to Engle and Quagrainie 
( 2006 ). 

THE ESSENCE OF SUCCESSFUL 
MARKETING 

The first essential point to understand about market¬ 
ing is that marketing is not synonymous with “sales.” 
A salesman may or may not be a marketer. Success¬ 
ful marketing results in sales, but product sales do 
not always mean that there is a successful market¬ 
ing program in place. Aquaculture businesses will not 
succeed without a successful marketing program in 
today’s food market. 

Successful marketing involves development of a 
complete plan that is cohesive and meshes seamlessly 
with a number of factors. A successful business must 
identify which specific set of customers the business 
is seeking to attract and what that group of customers 
wants to buy. Moreover, the business must find a way 
to meet those customers’ wants and needs better than 
any other business. The price charged needs to match 
the customers’ expectations in such a way that they 
believe they receive enough value to justify what they 
pay for the product. This type of price/quality position 
for the product must be at a price point that results 
in a profit for the business. The business’ promotional 
strategy must effectively communicate how the prod- 
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uct uniquely meets the preferences of the targeted con¬ 
sumer groups. Lastly, the aquaculture business must 
identify the most convenient locations for the exchange 
of product to occur for their targeted consumer group. 
These factors must all mesh and function together as a 
single company concept to be successful. 

The Importance of Demand 
Characteristics 

Quantitatively measured characteristics of consumer 
demand can shed some light on how some of these 
factors interact. Economists measure demand quanti¬ 
tatively by regressing the price of a product against 
independent variables that often include the quantity 
sold of the product, incomes, and tastes and prefer¬ 
ences, among others. Economists then use the esti¬ 
mated demand relationships to calculate elasticity, the 
proportional change in quantity demanded in response 
to a change in price. Elasticity is important to a discus¬ 
sion of markets because, if demand is elastic, an in¬ 
crease in price will result in a relatively larger decrease 
in the quantity demanded, such that total revenue to 
the producer will go down. However, with inelastic 
demand, the price increase may still result in a lower 
quantity demanded, but the quantity response is pro¬ 
portionately less than the change in price. When this 
occurs, the total revenue to the grower will increase 
as prices increase. Development of specialty markets 
typically depends upon inelastic demand to success¬ 
fully command the higher prices common in specialty 
markets. 

One characteristic of products with inelastic demand 
is that there are few close substitutes for the prod¬ 
uct. After all, if all shrimp sold (imported, domestic, 
farmed, wild-caught) are identical, why would a buyer 
pay a higher price for one particular farm’s shrimp? 
Thus, one key to developing a product for a specialty 
market is to differentiate it from the competition. 
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Product Differentiation and 
Positioning 

Efforts to develop a differentiated product must care¬ 
fully consider where the product needs to be positioned 
in the marketplace. This decision must consider the 
costs of production, the competition, consumer per¬ 
ceptions of the product, and closely competing prod¬ 
ucts. A product-space map (Figure 2.1) can be used 
to help make this decision. Products can be positioned 
as a high-quality and high-priced product or, at the 
other end of the spectrum, a low-quality and low-priced 
product. The key is to match consumers’ expectations 
with the price. Certain market segments are willing and 
able to pay high prices for a product that is expected 
to be of high quality. 

Product positioning reflects the combination of the 
species, product form, packaging, and its price. Any 
attribute that adds value, such as a spice package, mari¬ 
nade, or the package size, may affect the way a product 
can be positioned and how it can be differentiated from 
other products. 

Aquaculture growers, particularly smaller-scale 
growers, often prefer to target specialty markets be¬ 
cause prices frequently are higher. Specialty marketing 
is a choice to produce a high-quality product to capture 
a high price. To be successful, the marketer must have 
a clear understanding of which attributes will entice a 
consumer to pay a higher price. Equally important is 


how the specific product embodies those attributes to a 
greater extent than the competition. Why should some¬ 
one pay more for your product? What is it specifically 
that uniquely presents the value that the consumer is 
searching for? Products must be positioned to be dif¬ 
ferentiated from other products in such a way that the 
value of the product is worth what the consumer must 
pay for it. 

Successful products attract competition over time. 
Other companies will learn to produce similar products 
and perhaps extend the product concept and line. When 
this happens, the product will no longer be unique. The 
business needs to be prepared for competition that will 
come if the new products are successful. Each product 
that becomes established in the market goes through a 
type of life cycle (Figure 2.2). In the early stages fol¬ 
lowing the introduction of product, sales grow rapidly 
as customers become aware of the product and begin to 
experiment with it. However, at some point, the prod¬ 
uct reaches a stage of maturity when it attracts com¬ 
petition. The rate of growth of product sales begins to 
slow as the sales volume reaches a maximum. Product 
sales then begin to decline. Companies with products 
in the maturity stage must begin to either search out 
new markets (either new geographic markets or new 
market segments) or begin to develop new products. 

The price point of the product as the business has 
positioned it in the market must be adequate to cover 
not just production costs, but marketing costs as well. 
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Figure 2.1. Generalized example of a product-space map with various types of seafood species. The exact position 
of a product will reflect not only the species, but product form, size, and handling. 
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Introduction 



Figure 2.2. A theoretical diagram of a product life cycle indicating its various stages. 


A high price is meaningless if total costs of production 
and marketing are higher still. The business will not be 
profitable. If the business plan requires the producer 
to carry out all marketing functions and activities, 
these costs must be included in the financial analyses 
of the plan. Marketing costs can be considerable and 
can frequently include the costs of hauling live fish 
or transporting processed fish, off-flavor checking, 
marketing equipment such as baskets, dip nets, and 
oxygen systems, supplies like ice and bags, and 
communication systems that include telephone, fax, 
and Internet charges. Unfortunately, farmers often 
ignore such marketing costs. An often-overlooked 
cost is the fish or shrimp that are produced but not 
sold (Engle and Stone 2008). Few farmers sell all that 
they produce. This is particularly true of newer farms 
and those that target higher-risk markets like specialty 
markets. 

Successful market development must also place the 
product where it is easy for the targeted consumers 
to purchase it. Successful marketing managers under¬ 
stand where and when their customers prefer to shop. 
Product is then supplied to those physical locations 
with the greatest likelihood of being available to the 
target consumers. For example, it would be unwise 
to attempt to sell a high-valued specialty product in a 
discount store. 

The last essential component of successful market¬ 
ing is how products will be promoted. Promotion is the 
effort by the company to provide information on the 
product. The customer has to understand the benefits 
of the product, appreciate its value, and realize why 
they need to purchase it. 


SUCCESSFUL MARKETING 
REQUIRES DETAILED PLANNING 

Marketing plans must evolve constantly to stay ahead 
of lifestyle and consumer trends. A complete mar¬ 
keting strategy involves development of the product, 
careful pricing, identifying the most promising loca¬ 
tions for sales, and developing an effective and tar¬ 
geted promotion program. Customer segments should 
be selected on the basis of whether the firm can ad¬ 
dress their needs effectively. The business’s image and 
logo must reflect and communicate the unique and 
specific attributes of its products to not only justify 
but also validate its higher price. No one business 
can service everyone. The key is to identify which 
customer segments work best for that particular com¬ 
pany and its product line. Long-term success depends 
upon how well the company understands its customers. 
Why should someone buy that farms’ product? Is it the 
freshest? Is it locally grown? Is it the highest quality? 
Is it because that farm treats the animals in the most 
humane manner? How does the farm create an “expe¬ 
rience” that will bring people back? 

Table 2.1 outlines what needs to be included in a 
thorough and comprehensive marketing plan. It is a 
long outline, but shortcutting the various components 
listed is a good way to ensure business failure. The 
market summary requires research and careful assess¬ 
ment of current demographics such as the size of the 
geographic area, age groups, family structure, gen¬ 
der, income, education, lifestyle factors, and spending 
habits. Out of this assessment must come a clear under¬ 
standing of what products are needed, how they need 
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Table 2.1. Outline for a Marketing Plan. 


I. Executive summary 

5. Market trends 

II. Overall market situation analysis 

a. Supply 

A. Market summary 

b. Packaging 

1. Consumer demographics 

c. Health consciousness 

a. Geographic area 

6. Market growth 

b. Age groups 

B. Analysis of strengths and weaknesses of business 

c. Family structure 

1. Strengths 

d. Gender 

2. Weaknesses 

e. Income 

3. Opportunities 

f. Education 

4. Threats 

g. Lifestyle factors 

C. Competition 

h. Spending habits 

D. Product offering 

2. Supermarket demographics 

E. Keys to success 

a. Geographic areas 

F. Critical issues 

b. Age groups 

III. Marketing strategy 

c. Family structure 

A. Mission 

d. Gender 

B. Marketing objectives 

e. Income 

C. Financial objectives 

f. Education 

D. Target markets 

g. Lifestyle factors 

E. Distribution channels 

h. Spending habits of customers 

F. Positioning 

3. Restaurant demographics 

G. Strategies 

a. Geographic areas 

H. Marketing mix 

b. Age groups 

I. Marketing research 

c. Family structure 

IV. Financial analysis 

d. Gender 

A. Planned expenses 

e. Income 

1. Sales force requirements 

f. Education 

2. Advertising expenditures 

g. Lifestyle factors 

B. Sales forecast 

h. Spending habits of customers 

C. Break-even analysis 

4. Market needs 

V. Controls 

a. Product(s) 

A. Implementation 

b. Convenience/service 

B. Marketing organization 

c. Pricing 

C. Contingency planning 


to be packaged and supplied, and how they need to be 
priced. 

The strengths and weaknesses of the business must 
be identified and described objectively along with op¬ 
portunities and threats facing it. The business must po¬ 
sition itself to produce those products identified in the 
market assessment for which it has a unique advantage 
and for which it can do a better job than the compe¬ 
tition. The specific factors that will have the greatest 
effect on the success or failure must be identified. 

The steps outlined above should have resulted in 
identification of the specific target markets, products 
and packaging, and pricing that mesh well with the 
company's unique strengths and advantages. The next 
step is to lay out the specific marketing, sales, and 


financial objectives for the business. The detailed fi¬ 
nancial analysis develops detailed projections of pro¬ 
duction, costs, sales force requirements, advertising 
expenditures, sales forecasts, and a break-even anal¬ 
ysis. Chapter 3 provides additional detail on business 
planning. 

PRICING 

Pricing strategies used by the company are clearly im¬ 
portant determinants of the success or failure of the 
business. Prices received must cover costs of produc¬ 
tion for the business to survive. As obvious as this 
is, there are many examples of aquaculture businesses 
dumping product on the market at low prices when 
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cash flow deficits require immediate receipts. This 
type of behavior reflects poor business planning and 
analysis, inadequate liquidity, and perhaps inadequate 
capitalization. Dumping product is not a pricing strat¬ 
egy but rather a symptom of a company with a poor 
financial structure. In this book. Chapter 3 discusses 
proper and thorough business planning. Chapter 4 
presents detailed measures of how to monitor and con¬ 
trol financial performance, and Chapters 11 and 12 
illustrate what constitutes adequate liquidity and cap¬ 
italization. 

Engle and Quagrainie (2006) discuss various pricing 
systems and strategies and factors that affect market 
prices. What is most important is to identify a price 
level that reflects the value to be derived by the con¬ 
sumer. Consumers must perceive that what they spend 
to acquire the product is worth that amount of money. 
The market planning process, if done well, should re¬ 
sult in clear understanding of what consumers want, 
how the company's product uniquely meets those par¬ 
ticular needs and solves those consumers' problems, 
and how much value consumers will receive from pur¬ 
chasing that product. That value is what the price needs 
to be. If the price is not high enough to cover produc¬ 
tion costs, the business is not feasible and additional 
planning is needed to identify a product that can be 
produced at a cost that also provides adequate value to 
the consumer. 

MARKETING ISSUES SPECIFIC TO 
VARIOUS SIZES OF FARMS 

Large-Scale Growers 

Large-scale growers clearly need to identify a high- 
volume market outlet such as a processing plant. It is 
essential that a potential grower invest the time to meet 
with the processing plant buyers before construction 
of production facilities. 

There are a number of important considerations 
taken into account when considering sales to a pro¬ 
cessing plant. Information on historical prices paid to 
fish farmers for fish from this plant should be com¬ 
pared to historical prices paid to fish farmers from 
other plants. The plant’s policies on dockage rates 
(poundage or percentage deducted from the total de¬ 
livery amount for trash fish, out-of-size fish, turtles, or 
other reasons) should also be compared across process¬ 
ing plants. Some plants pay based on dressout yield. 
Some plants provide harvesting and transportation ser¬ 
vices while others expect the farmer to make arrange¬ 
ments to harvest and transport fish. There is a great 


deal of variation on contracting arrangements between 
processors and fish farmers. Details of the agreement 
should be examined carefully. The farmer should ask 
specific questions related to delivery volume require¬ 
ments and seasonality issues that may affect delivery to 
the plant. Size requirements can be important. For ex¬ 
ample, some plants will not pay for fish that are smaller 
or larger than a specified size range while other plants 
may dock a percentage off the entire load if the pro¬ 
portion of out-of-size fish is higher than the plant’s 
standard. The grower must fully understand the pro¬ 
cessor's expectations with regard to quality standards, 
flavor sales, and meat quality. 

Payment frequency to growers and typical length 
of time between the time of delivery of fish and re¬ 
ceipt of payment should be compared across plants. 
Some states require that bonds be posted by process¬ 
ing companies to ensure that farmers are paid for fish 
delivered. The processor’s record of payment should 
be reviewed. 

Small-Scale Growers 

Small-scale producers will need to identify higher- 
priced alternative marketing outlets to maintain a prof¬ 
itable operation. This is because economies of scale 
result in higher costs of production on smaller as com¬ 
pared to larger farms. The prices paid to farmers by 
processors frequently fall below the break-even prices 
on smaller-scale farms. Alternative market outlets for 
small-scale growers can include the following: live 
sales with custom processing, fee-fishing or pay lake 
operations, or sales to local grocery stores and restau¬ 
rants, and sales to live haulers. 

In areas with populations exhibiting regular fish con¬ 
sumption, sales of live fish can be a means of achieving 
higher prices. The capability to process fish according 
to preferences of the customer may attract a broader 
clientele. State and local health codes, permits, and 
Hazard Analysis of Critical Control Points (HACCP) 
plans must be considered before developing this type 
of marketing plan. 

Fee-fishing or pay lake operations essentially sell a 
recreational opportunity to their customers. If located 
within 30-50 miles of a major population center, fee¬ 
fishing may offer a viable market outlet for farm-raised 
fish. Pay lake operators also purchase fish for stock¬ 
ing. Increased interest in urban and community fishing 
programs managed by state game and fish agencies 
may provide marketing opportunities for fish farmers. 
Sales to pay lakes may require arrangements with a 
livehauler to transport fish. Livehaulers are firms or 
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individuals who truck live fish to pay lakes or live sale 
markets. Larger fish frequently are required for pay 
lake outlets. For catfish, a larger (2-3 lb) fish typically 
is required. 

Sales to local grocery stores and restaurants re¬ 
quire on-site processing unless restaurant personnel 
clean the fish. Typically, only managers of very ex¬ 
clusive seafood restaurants will purchase whole fish to 
be cleaned by their personnel. State and local health 
codes, permits, and HACCP plans must be considered 
before developing this type of marketing outlet. 

Targeting any of these sales outlets requires care¬ 
ful estimates of volumes, size preferences, and costs 
associated with the sales. Moreover, state and local 
regulations must be evaluated carefully, and implica¬ 
tions for costs of the business must be assessed. 

HOW DOES A GROWER BEGIN TO 
ASSESS THE MARKET? 

Fish and shellfish markets are dynamic. Each market 
segment has its own buying patterns, quantities pur¬ 
chased, product forms, pricing schemes, and delivery 
requirements. The specific needs of buyers must be de¬ 
termined in detail. To do so, it is important to talk to as 
many different buyers as possible. Prospective grow¬ 
ers can also talk to growers already in the business and 
to buyers in regions where the product is already being 
sold. This will provide a good idea of how the product 
is positioned, priced, and promoted in that area. Pay¬ 
ing attention to the current level of competition will 
also provide insight into whether it is time to begin to 
develop new products. 

It is more difficult to assess the market potential for 
an innovative new product not currently sold. One ap¬ 
proach is to gather information on substitute products 
sold locally and inquire about the market for these sub¬ 
stitutes. For example, someone interested in a market 
for freshwater prawns could evaluate the market for 
shrimp in a particular area and attempt to find a niche 
within the overall line of shrimp products sold that is 
not currently being met. These efforts should result in 
an overall view of the types of needs that buyers have. 

The next step is to quantitatively estimate the po¬ 
tential size and volume of the market. Secondary data 
can be collected on the overall population demograph¬ 
ics. Consumer census data and business or economic 
development data from local chambers of commerce 
can be used to estimate the number of potential buy¬ 
ers and the total expected sales in the targeted market 
area. With the market assessment data, the aquaculture 


business can then set specific market objectives. These 
objectives would include specifying target sales goals 
by market segment. 

As an example, a targeted population might be cou¬ 
ples without children in an age range of 25M0 years 
with income levels above $40,000. The target market 
area includes 20,000 households that can be classi¬ 
fied within this demographic segment. The aquaculture 
business believes that 10%, or 2,000, of these house¬ 
holds will purchase their product each year. If these 
households are expected to purchase product once a 
month, there will be 24,000 purchases a year. If cus¬ 
tomers are expected to purchase 2 lb of fish at each 
purchase, the business will project sales of 48,000 lb 
of product/year. 

A key component of the marketing plan is to in¬ 
clude strategies to adapt to changing market condi¬ 
tions. Prices, consumer preferences, product contami¬ 
nation, and safety issues can have drastic effects on a 
farm business, and the farm must be prepared to react 
quickly to these. 

MARKET POWER AND WHAT IT 
CAN MEAN TO AQUACULTURE 
BUSINESSES 

One of the striking trends in food marketing has been 
the trend toward increased concentration in the retail 
and wholesale sectors. The emergence of very large 
supermarket chains such as Wal-Mart, Tesco, and Car- 
refour has been accompanied by consolidation in the 
food service distribution sector as well. This increased 
consolidation has led to increased market power on the 
part of these large companies. 

Market power is a term used to refer to the abil¬ 
ity of an individual company to affect exchanges in 
the market. A single large buyer often is in a posi¬ 
tion to strongly influence price of the product, quality 
standards, and how products flow to consumers. The 
ability to affect market exchanges constitutes power in 
the marketplace. 

Many aquaculture businesses are small relative to 
buyers like Wal-Mart, Tesco, and Sysco. Thus, in ne¬ 
gotiations related to price, products, and volume, the 
large buyer typically will be in a position of strength 
and will be better able to negotiate for favorable 
terms. 

There are three broad strategies that can be used 
by farming businesses to position themselves more 
favorably in this type of environment. The best- 
known strategy is to integrate vertically. A vertically 
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integrated company is one that controls various stages 
in the supply chain or the stages that a product moves 
through to reach the end consumer. Examples in aqua¬ 
culture include Marine Harvest (salmon) and Clear 
Springs, Inc. (trout). Vertically integrated companies 
often control both production and processing stages, 
and sometimes also control feed manufacturing or 
other activities. As a result, vertically integrated com¬ 
panies are large enough to be able to negotiate more 
effectively on price, product, and volume because they 
control many of the various components and are large 
enough to control a substantial volume of production. 

A second strategy that can be used by farming busi¬ 
nesses when confronted by a high degree of concen¬ 
tration in their markets is to integrate horizontally. 
There are many examples of horizontal integration in 
agriculture. By definition, horizontal integration refers 
to the formation of business relationships with other 
companies that operate at the same level in the sup¬ 
ply chain. Horizontal integration can take many forms 
that can include cooperatives, bargaining associations, 
marketing orders, marketing agreements, and others. 
In integrating horizontally, care must be taken not to 
violate laws designed to prevent unfair pricing prac¬ 
tices. Often, these take the form of antitrust legislation 
within a particular country, or can constitute provi¬ 
sions of international treaties such as the World Trade 
Organization. 

Farmers who organize to integrate horizontally to 
gain parity in the market (when faced with dispro¬ 
portionately greater market power by buyers) may be 
exempted from charges of antitrust violations. In the 
United States, such an exemption is provided on a 
limited basis by the Capper-Volstead Act of 1922. 
The Fishermen’s Collective Marketing Act of 1934 
extended the provisions of the Capper-Volstead Act 
to aquaculture. Specific provisions of the Capper- 
Volstead Act include: (1) associations must be operated 
for the mutual benefit of the members; (2) all mem¬ 
bers (voters) must be agricultural producers; (3) each 
member must have one vote or there must be a cap 
on stock dividends of 8% per year; and (4) the value 
of business conducted with members must exceed that 
with nonmembers. Forming a cooperative or creating a 
marketing agreement or order allows for that organiza¬ 
tion to control a greater amount of supply that can lead 
to greater influence over price, products, and volumes 
when negotiating with larger buyers. 

The third strategy, which can be used by an individ¬ 
ual farm when there is a high degree of concentration 
in the market, is to form an alliance with other com¬ 


panies across the supply chain that are allied with a 
particular buyer. This creates a chain of specific sup¬ 
pliers at each stage that are typically allied through a 
series of contracts. These types of supply chain agree¬ 
ments have been used by growers of specialty products 
to meet growing consumer interest in product diver¬ 
sification. Supplying large customers with many dif¬ 
ferent types of products has become more complex 
and supply chain agreements have emerged as one so¬ 
lution that has been used by some companies. These 
alliances can be beneficial to small growers. Clearly 
specifying prices, volumes, and quality standards and 
grades can provide stability for the grower, facilitates 
farm and financial planning, and reassures lenders of 
repayment capacity. However, a grower who commits 
all their production to one buyer also faces market risk 
associated with the buyer’s ability to remain viable. 

RECORD-KEEPING 

All data compiled throughout the process of develop¬ 
ing the marketing plan should be carefully organized 
and filed. Marketing conditions change over time. The 
marketing plan, and the data that underlie its assump¬ 
tions and targets, will need to be modified from year 
to year. Maintaining careful records that provide the 
foundation for each decision will facilitate adjusting 
the plan as conditions change. 

Some of the key pieces of data to be maintained will 
include the long-term series of product prices over 
time in different markets. Information that includes 
those segments that demonstrate growth and those that 
demonstrate declines in numbers and income will be 
important to compare over time. By maintaining these 
data over time, key trends can be forecast to facili¬ 
tate timely changes in the overall marketing plans for 
the business. 

PRACTICAL APPLICATION 

This practical application will be a sample market plan 
for a 256-acre catfish farm, for example. This hypothet¬ 
ical farm is located in northeast Louisiana. It is owned 
and operated by a family who also hires one additional 
worker. The loss of the major processing plant in this 
area has required that the family develop a new, well- 
organized and well-thought-out marketing direction. 

Executive Summary 

This family-owned and operated fish farm has been in 
operation for over 30 years. The family has a strong 
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work ethic, has kept up with the latest research in 
catfish farming, and is known as a reliable and de¬ 
pendable producer. The family plans to diversify their 
markets by beginning to sell some larger fish to the fee 
fishing market. 

Vision 

This business is based on a commitment to be a pre¬ 
ferred supplier of high-quality live catfish. The farm 
plans to provide value to its customers by providing 
precision-graded fish of optimal sizes to supply to pro¬ 
cessing plants and to the livehaul market. 

Overall Market Situation Analysis 
Market Summary 

The U.S. catfish industry supplies a traditional market 
for catfish in the states along the Mississippi river and 
in the southeast and southwest portions of the United 
States. Newer markets have been developed on both 
east and west coasts of the United States. U.S. farm- 
raised catfish is positioned as a mid-priced white fillet, 
freshwater fish product. While still recognized primar¬ 
ily for its southern-style fried method of preparation, 
its versatility lends itself to a variety of preparation 
styles and cuisines. Increased volumes of low-priced 
imports in recent years have gained market share and 
made it difficult to pass increased input prices on to 
the end consumers. 

The principal market channels for U.S. farm-raised 
catfish are for farms to sell to processing plants. Pro¬ 
cessors then sell to food service distributors, super¬ 
markets, and other outlets. The increased competition 
from imports has created pressure on processing plants 
to find new ways to increase their productivity. The pri¬ 
mary means of enhancing the productivity of the plant 
is to seek to gain control over the distribution of fish 
sizes delivered to the plant. 

Analysis of Strengths and Weaknesses of 
the Business 

The farm family has 30 years experience raising chan¬ 
nel catfish, has a strong work ethic, and has a rep¬ 
utation for good management and being an efficient 
farm. The family owns their land and ponds and there 
are no financial claims on them. The family has tra¬ 
ditionally relied on family labor and contracted with 
a custom harvesting company to seine their ponds. 


Thus, the family is limited in its ability to harvest more 
frequently. 

The key to success of their new venture will be 
to acquire an in-pond grader to be able to guarantee 
uniform sizes of fish to deliver to the processing plant, 
to acquire the seining equipment to be able to harvest 
and seine their own ponds, and to hire additional labor 
over the summer to harvest fish for sale to pay lakes. 
Critical issues will include acquiring the capital to 
purchase the additional equipment, the availability of 
summer labor, and convincing the custom harvester to 
grade fish with the in-pond grader. 

Marketing Strategy 

The mission of this farm business is to become a pre¬ 
ferred source of high-quality live catfish of the size 
most desired by processing plants and pay lake opera¬ 
tors. The marketing objectives are as follows: 

1. Sell 10,000 lb/week for 20 weeks to pay lakes in 
other states, at a price of at least $0.90/lb. The 
farm will harvest these fish themselves from May 
through the end of September. 

2. Sell 952,000 lb of catfish of the size preferred by 
catfish processors. The farm will continue to use 
the services of the custom harvesting company, but 
plans to work with the custom harvester to grade 
fish using the in-pond grader. 

3. Implement a grading program on the farm to supply 
a consistent and uniform size of fish to processors. 

Financial objectives are: 

1. Obtain financing and acquire an in-pond grader and 
seining equipment. 

2. Increase cash flow and revenue by 5% in Year 1. 

3. Repay loans for grader and other seining equipment 
in 5 years. 

Target markets will include contracts with two new 
processing plants and pay lakes (publicly and privately 
owned). Targeted states will include those with the 
largest pay lake programs. The initial target is to select 
five different states and become the preferred supplier 
for those five. The key characteristics to promote in 
the development of the new markets will be the avail¬ 
ability of preferred sizes, guaranteed health status with 
laboratory certification, guaranteed delivery volumes, 
and low percentages of trash fish, debris, or other ex¬ 
traneous materials. 
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Planned expenses begin with the historic produc¬ 
tion expenses. The costs associated with financing 
the grading and seining equipment, and hiring ad¬ 
ditional summer labor will be added to the cost 
analysis. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Markets for seafood are dynamic and aquaculture 
growers must constantly keep attuned to changes in 
the marketplace. Andersen et al. (2009) analyzed the 
rapid changes occurring in the Russian food market. 
Russian consumers have begun to adopt new seafood 
products, as well as other new food products, at a rapid 
pace. The Russian seafood market includes traditional 
wild-caught species like herring and new aquaculture 
products like pangasius from Vietnam and salmon 
from Norway. This analysis showed that, even in a 
country like Russia with strong traditions and prefer¬ 
ences for herring, white fish, such as tilapia and panga¬ 
sius can compete with wild-caught traditional pelagic 
species. If incomes grow in Russia, the market for 
high-value aquaculture products like farmed Atlantic 
salmon would be likely to grow. 

SUMMARY 

This chapter provides a brief discussion of several key 
factors that are critical for successful marketing. With¬ 
out a targeted and well-conceived marketing plan, few 
businesses will survive, even those whose fundamen¬ 
tal plan is to sell to a processing plant. The key to 
successful marketing is to identify the products that 
can be produced successfully by the company that 
uniquely meet consumers’ problems and needs and are 
valued by consumers at a level that exceeds the costs of 
production. 

REVIEW QUESTIONS 

1. Explain the difference between marketing and 
sales. 


2. Why is it important to know the elasticity of the 
product the farmer is raising? What are the impli¬ 
cations of elasticity for marketing strategy? 

3. Draw a product life cycle curve and describe the 
characteristics of the different stages of the prod¬ 
uct’s life cycle. 

4. Explain how a product-space map can help a busi¬ 
ness manager to make decisions related to product 
positioning. 

5. What are the major components of a comprehen¬ 
sive marketing plan? 

6. What are some of the key considerations in devel¬ 
oping a pricing strategy? 

7. List some marketing issues that differ for large- 
scale and small-scale farms. 

8. How should a farmer begin to assess the market? 

9. What is market power? What are the implications 
of increasing concentration in the retail sector for 
marketing actions of fish farmers? 

10. Compare and contrast vertical and horizontal in¬ 
tegration. 
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INTRODUCTION 

Most modern aquaculture businesses are capital- 
intensive. The magnitude of the capital resources nec¬ 
essary to construct, equip, and operate a modern aqua¬ 
culture operation requires intensive management that 
begins with a complete business plan. A thorough busi¬ 
ness plan constitutes a road map for the business and 
indicates the strengths of the business, where and when 
the potential problems are likely to occur, and ana¬ 
lyzes alternative strategies for overcoming the obsta¬ 
cles. This chapter reviews the structure and detail of 
thorough business plans with guidance for compiling, 
evaluating, and implementing them. 


THE BUSINESS PLAN 

A written business plan, modified annually, provides 
a structure for continual analysis and evaluation of the 
business over time. It must integrate marketing, pro¬ 
duction, and financial components of the business in an 
in-depth fashion. The plan must be consistent across 
all its various component analyses. Moreover, the plan 
needs to include short-term (about a year) as well as 
long-term goals (for the next 5-10 years). Integrated 
with the goals are both short- and long-term strategies 
to achieve them. With a written plan in place, it is easier 
to identify the source of problems and potential solu¬ 
tions to be prepared for times when something goes 
awry. Adequate planning for the business may help 
avoid mistakes and can also minimize risks associated 
with financing, producing, and marketing products of 
the business. 
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A good business plan takes months to develop. It 
is an organized and structured document that analyzes 
market potential for the products produced, examines 
production technologies selected, and evaluates finan¬ 
cial performance of the business. 

Business plans and business loan proposals are 
sometimes confused. However, all businesses should 
have a thorough business plan regardless of whether 
the capital in the business is borrowed or equity (pro¬ 
vided by the owner). However, for a prospective fish 
farmer, who will need to borrow money, the business 
plan constitutes a major portion of the loan application. 

Many prospective and existing fish farmers indicate 
that they have experienced difficulties in obtaining fi¬ 
nancing for aquaculture businesses. In many cases, 
lenders are not familiar with aquaculture practices and 
market potential for aquaculture products. In other in¬ 
stances, lenders are concerned with the uncertainty and 
risk associated with aquaculture ventures. These con¬ 
cerns frequently lead to rejection of loan applications. 
However, even if a lender understands aquaculture and 
its potential, an inadequately prepared business loan 
proposal will still result in rejection by the lender. 
Lenders complain about prospective aquaculture bor¬ 
rowers submitting requests for multimillion dollar 
loans with a few numbers “scratched on a napkin.” 
A successful application for a loan for an aquaculture 
operation requires a high level of documentation. 

The end result of a business plan is an in-depth un¬ 
derstanding of whether the proposed business is likely 
to be successful or not. It will indicate where the ma¬ 
jor problems lie and what strategies are the likeliest to 
provide a way to overcome challenges. 

The business plan addresses several fundamental 
questions. How will you produce the product? Is 
the proposed business economically feasible? Is it 
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financially feasible? A good business plan will include 
the following components: 

1. Executive summary 

2. Background information 

a. Analysis of farm’s industry 

b. Analysis of farm’s position within industry 

c. History of farm 

3. Strategic goals and objectives 

a. External opportunities and threats 

b. Internal opportunities and threats 

c. Short-term business goals and objectives 

d. Long-term business goals and objectives 

4. General description and characterization of busi¬ 
ness 

a. Description of production system 

b. Resources available to the farmer 

5. Marketing plan 

6. Production plan 

a. Products selected (foodfish, fingerlings, eggs) 

b. Technology selected (ponds, cages, intensive, 
semi-intensive) 

c. Targeted harvest size, stocking rates, stocking 
sizes 

7. Financial plan 

a. Estimated cost and returns 

b. Estimate of required financing 

c. Current appraisal of farm 

d. Balance sheet 

e. Income statement 

f. Cash flow budget 

8. Staffing plan 

9. Personal financial statement 

10. Brief resume of borrower 

The two components of the business plan that re¬ 
quire the most investigation and analysis are the mar¬ 
keting plan and the financial analysis. Taken together, 
a well-conceived marketing plan and a carefully docu¬ 
mented financial analysis will result in more favorable 
consideration by a lender. 

Executive Summary 

The executive summary should summarize the goals 
and key strategies for the business. It should include 
a concise description of plans to achieve goals, and 
describe resources needed to carry out the plan. 

Background Goals and Objectives 

Background information on specific permits that will 
be required, procedures, and probable time frame to 
obtain required permits should be presented. 


Analysis of Farm’s Industry 

Aquaculture operations proposed for areas without a 
history of aquaculture may work with lenders who are 
unlikely to have knowledge of aquaculture practices 
and potential. In this situation, it is useful to present 
information on the size of the industry, current trends, 
and overall growth potential. 

Analysis of Farm’s Position within Industry 

A concise analysis of the farm’s position within the 
industry is needed. Is the farm a trendsetter, one that 
serves as a leader in adopting new technologies? Is 
it one of the largest that is able to influence prices 
and policies? Is it a small business that has little influ¬ 
ence on the overall industry? Especially important is 
to understand whether the farm is a high- or low-cost 
producer. 

History of Farm 

Historical changes in the farm business can shed light 
on its growth and development over time. The busi¬ 
ness proposal must begin with a description of the site 
where the aquaculture operation is to be established. 
Suitability of the site in terms of soil characteristics, 
environmental conditions, and water supply must be 
presented. 

Strategic Goals and Objectives 

The farmer must be constantly aware of external oppor¬ 
tunities and threats to the business and explicitly use 
these as a basis for forecasting changes in the business 
environment over the upcoming planning period. By 
forecasting price and business conditions in the future, 
farms can attempt to adjust production and financial 
plans to be prepared when the external events come to 
pass. For example, the price of fish feed increased dra¬ 
matically in 2008. The high feed prices caught many 
farmers unaware and unable to adjust before falling 
into serious cash flow and financial difficulty. Simi¬ 
larly, imports of basa or tra from Vietnam and channel 
catfish from China have substituted for catfish in the 
U.S. market. 

Economic downturns often decrease demand for 
seafood and can cause prices to decline. Changes in 
the marketing chain, such as consolidation and merg¬ 
ers of processing plants can impose challenges on the 
farm business. The possible effects of these external 
threats on the business must be assessed. External 
changes can also create new opportunities. New gas 
drilling initiatives to extract gas from shale formations 
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create opportunities to treat the discharge water in lined 
ponds. While fish cannot be raised in these units, the 
ponds can be used profitably in this way to generate 
supplemental income. 

External threats can include new regulations that af¬ 
fect aquaculture businesses. Regulations can increase 
costs, restrict market access, or otherwise have detri¬ 
mental effects on the business. New regulatory initia¬ 
tives since 2005 include proposals for restrictions on 
the shipment of live fish, on the discharge of efflu¬ 
ents, on the use of nonnative species, on the welfare 
of fish, shrimp, and shellfish, and cap-and-trade pro¬ 
grams. Careful planning each year, with an eye on 
the external threats likeliest to affect the business, pro¬ 
vides an opportunity to make changes and adjustments 
to minimize adverse effects. Attention to the changing 
environment also may provide insights into new op¬ 
portunities. 

The internal strengths and weaknesses of the busi¬ 
ness also need to be evaluated. A business may have 
strengths in skilled management but have a weakness 
in terms of its capacity to borrow additional capital. 
These strengths and weaknesses must be assessed each 
year in terms of the effect on the overall plan. Will 
the weaknesses constrain the production system to the 
point where production levels will fall short of targeted 
goals? If so, can current markets be sustained at those 
levels? What will production shortfalls mean for the 
cash flow and financial position of the business? Anal¬ 
ysis of these types of questions should be a part of the 
annual planning and evaluation process. 

Internal strengths should be assessed as well as 
weaknesses. For example, a small company with a 
higher cost of production may be in a better position 
to develop higher-valued niche markets. A farmer with 
expertise in spawning a type of fish that is difficult to 
spawn may have an advantage as a hatchery supplier 
while another business with access to large amounts 
of land may concentrate on growout. 

Internal weaknesses may include assets that are out 
of date, such as ponds that are old, have not been ren¬ 
ovated, and may have become shallow. Aging staff 
not able to provide the physical labor required, or 
too many people to operate profitably can represent 
a weakness of the business. A business’s strength may 
lie in detailed knowledge of markets, excellent engi¬ 
neering and maintenance skills, or skill in financial 
analysis. 

The internal analysis must include careful consid¬ 
eration of the financial resources available for market 
research and any new investment or operating capital 
requirements. New directions may require reallocation 


of company resources, and the company must have 
a thorough understanding of what those implications 
will be. 

Analysis of internal strengths and weaknesses 
should also include: (1) relationships (with buyers, 
suppliers, people who work in the business, and with 
other businesses); (2) reputation; (3) innovation; and 
(4) strategic assets. Relationships are the key to success 
of any business. Establishing and maintaining good re¬ 
lationships with buyers will give a business an advan¬ 
tage over the competition (Palfreman 1999). Special 
relationships with suppliers and repeated transactions 
may enable a business to benefit from improved ser¬ 
vices, short-term credit, improved quality, or possibly 
better prices. Within the business, a higher degree of 
commitment or team spirit may result in greater pro¬ 
ductivity or efficiency. 

Both short- and long-term goals and objectives must 
be set for the plan. Short-term goals typically are for the 
upcoming year while long-term goals are for periods 
greater than a year, up to 5-10 years. The best goals 
are those that are very specific and quantifiable. 

The most useful goals and objectives are those ex¬ 
pressed in a specific and measurable way. Businesses 
often focus on short-term financial goals such as: (1) 
earn a profit (increase net farm income by 10% to 
become positive); (2) reduce liabilities and debt out¬ 
standing of the business (reduce the debt/equity ratio 
from 50 to 30% over the next 5 years); and (3) increase 
sales by 5%. Other longer-term objectives may relate 
more to indirect effects on the financial position of 
the business, such as: (1) increase market share to have 
greater influence on price of the product; (2) integrate 
either vertically or horizontally to have greater influ¬ 
ence on the price of the product and to stabilize prices; 
and (3) increase net worth by 2%. 

However, a farmer may have other, noneconomic, 
objectives. He or she may wish to increase the value of 
the land or business to be able to sell it for retirement 
in 5-10 years. The farmer may wish to increase time 
for hunting or for family activities, for example. All 
goals should be stated as explicitly as possible. 

General Description and 
Characterization of Business 

The business proposal should include a thorough dis¬ 
cussion of the proposed production system. Stocking 
rates, fingerling sources, anticipated feed rates, and 
aeration strategy need to be presented clearly and con¬ 
sistently. Internal consistency checks should focus on 
whether the feed rate is appropriate for the stocking 
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rate, if the number of aerators planned is appropriate 
for the stocking rate, and whether assumed production 
levels are realistic given the stocking size, stocking 
rate, and the feeding rate. 

Harvesting methods should be included. Capital in¬ 
vestment requirements differ for farmers who plan to 
harvest their own ponds and for those hiring custom 
harvesters. If the business plan calls for custom har¬ 
vesting, then a listing of those serving the area where 
the farm will be located should be included. Infor¬ 
mation on fees charged, volume requirements, and 
scheduling constraints should be presented. Possible 
production problems such as off-flavor and its effect 
on inventory management should be discussed. This 
information demonstrates to the lender an awareness 
of the problem and also alerts the lender to potential 
cash flow or debt repayment problems. 

Resources Available 

The proximity of the proposed farm to processing facil¬ 
ities, feed mills, aquaculture supply firms, equipment 
repair services, disease and diagnostics laboratories, 
and the Extension office for technical assistance should 
be made clear. This demonstrates to the lender both the 
distance the farm will be from these services and that 
the individual knows where to find these services. 

Marketing Plan 

For detailed information on aquaculture marketing and 
developing marketing plans for aquaculture, see Engle 
and Quagrainie (2005). Each business should have a 
marketing plan of action and strategy that addresses 
product, price, promotion, and place. These are factors 
that are controlled by the business. For example, the 
farmer decides what species and size of fish to raise 
as the product to sell. Place refers to the geographic 
market, or where the farmer will sell the fish. The 
“place” decision involves deciding whether to sell on 
the farm, haul to a processing plant, or sell to other 
farms. The farmer decides what types of advertising to 
use to promote the product. The farmer also decides 
the price at which to sell his or her product. Whether 
or not the product is then sold depends on market 
conditions. 

When to sell the product can also be important. For 
example, assume that a baitfish farmer has borrowed 
money from the bank to produce his or her crop, and 
does so successfully. He or she plans to sell the crop in 
the fall to generate revenue to make a bank payment. 
This farm will be in serious financial difficulty because 


the main crop of baitfish is sold in the spring, not the 
fall. The business will fail because it did not develop 
an adequate marketing plan at the outset. 

The marketing plan and strategy must identify the 
specific market segments to be targeted by the busi¬ 
ness. Diversifying production, for example, is likely 
to increase costs. Thus, careful analysis is required 
to identify the most profitable market segments, those 
with the greatest overall potential for achieving the 
company’s objectives. The company must then target 
expenditures on the development, production, inven¬ 
tory, and promotion of products most likely to be suc¬ 
cessful in that market segment. A segment must be of 
sufficient size, with potential for further growth, not 
overoccupied by competition and have an identified 
need that the company can satisfy uniquely. 

The selection of products and product lines must 
be developed concurrently with the selection of target 
markets in the company’s market plan. A product with 
a high cost of production will need to be of sufficient 
quality to charge a price high enough to be profitable. 
Clearly, the target market for such a product would 
be one in which consumers not only value the par¬ 
ticular attributes of that product, but also have high 
enough income levels to be able to pay the price level 
required. The market segment selected must contain 
enough consumers to offer the volume of sales re¬ 
quired to provide an adequate return on the investment 
in the necessary product development. 

The identification and selection of products and 
product lines for the business is an essential component 
of a successful business and market strategy. Product 
lines are a series of closely related but somewhat dif¬ 
ferentiated products. For example, several catfish pro¬ 
cessing companies have a marinated fillet product line 
that may include lemon pepper, Cajun, or preparations 
with other seasonings and flavors. The marinated fil¬ 
let product line is distinct from the nugget, steak, and 
whole-dressed product lines. Companies with single 
product lines may have lower costs of production due 
to production efficiencies, but may also have higher 
market risk. Differentiated product lines and multi¬ 
ple product lines allow a company to spread the risk 
associated with changing market and economic condi¬ 
tions. For some companies, the move to more extensive 
and varied product lines may fit the company’s busi¬ 
ness plan whereas such an investment in sales force 
and processing and packaging infrastructure would not 
be feasible for others. Over 20,000 new products are 
introduced to U.S. grocery stores each year. Over 90% 
do not last more than 3 years. Thus, careful market 
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analysis and testing are required to successfully intro¬ 
duce new products. 

A business that plans to develop a new aquaculture 
product should carefully evaluate the product life cycle 
effects. For more information on product life cycles, 
see Engle and Quagrainie (2005). Successful market¬ 
ing strategies differ depending upon the stage of the 
product in its product life cycle. The introductory stage 
requires a market penetration strategy while the matu¬ 
rity stage requires a product differentiation strategy. 

Businesses must make critical decisions related to 
prices and positioning of their product(s) in the market 
place. Consumers’ willingness to purchase a product 
is related to how closely its price matches their per¬ 
ception of its quality. Consumers will pay very high 
prices for seafood that they view as of the highest 
quality. This clearly holds true only for markets that 
include consumers with income levels that allow them 
to pay these prices. Conversely, they will refuse to pay 
high prices for a product they view as low quality. 

Positioning a product as the highest quality may 
not always be a successful strategy. The quantity de¬ 
manded for the highest level of quality might not be 
sufficiently high for the company to meet its revenue 
requirements. High quality products frequently require 
additional costs related to providing and guaranteeing 
that level of quality. If such costs are higher than what 
consumers are willing to pay for that particular prod¬ 
uct, then the product is not feasible even if it meets high 
quality standards. If the financial analysis completed 
in the marketing plan shows that the costs of guar¬ 
anteeing the highest quality exceed what consumers 
are willing to pay, an alternative strategy might be to 
target a higher-volume, but lower-priced market for 
which quality standards are not quite as rigid. 

Marketing plans and strategies for fish species with 
existing demand must be different from those for new 
species to be successful. The difference is that con¬ 
sumers have already developed attitudes related to the 
quality and price they are willing to pay for a fish with 
an existing market. For high-valued species, like tur¬ 
bot, the existing market price for wild-caught species 
may be high enough to provide for profitable sales 
of aquaculture products. However, the history of the 
salmon industry shows that, if aquaculture expands 
dramatically, the market price may decline as aqua¬ 
culture supplies increase. On the other hand, if the 
wild-caught product is considered to be low quality as 
is the case for carp in the United States, farmers will 
have to overcome that image and differentiate their 
farm-raised product. 


Farmers who raise species for a market in which 
buyers have no previous experience will have to create 
and develop the market. While this can be a long and 
sometimes expensive process, it is easier to develop a 
market for an unknown species than to overcome neg¬ 
ative perceptions associated with a species. The com¬ 
panies that export tilapia fillets to the United States 
have successfully introduced an entirely new species 
into the U.S. seafood market. New products offer op¬ 
portunities for price skimming and price penetration. 
The marketing plan should clearly delineate whether 
the marketing goal is to sell product as a commodity in 
an industrial market, as an input into a longer supply 
chain, or to develop niche markets. 

Nevertheless, niche markets are commonly viewed 
as low-volume, high-priced, specialty markets, al¬ 
though some experts argue that all markets are niche 
markets. Niche markets typically consist of a small 
segment of a large market. Sales frequently are lower 
in niche markets but the strategy is to sell fewer prod¬ 
ucts at a higher price. Smaller companies that success¬ 
fully identify niche-marketing opportunities may have 
less competition from larger firms. Typically, a niche 
market is developed through a specific contact, and 
the grower uniquely supplies a custom product to that 
one particular market. The grower will need to pro¬ 
vide full support in terms of providing material for 
taste tests, sampling, and point-of-sale materials, as 
well as to guarantee consistent product quality. 

Niche markets in aquaculture typically have con¬ 
sisted of direct sales from the grower to the end con¬ 
sumer. Thus, the fish farmer performs wholesaling, 
distribution, and retail functions of the supply chain. 
In return, the grower captures the profit margins of 
each of these phases. However, each of these func¬ 
tions also entails costs, sometimes in the form of the 
time of the grower, in addition to costs related to hold¬ 
ing or processing facilities, utilities, labor, advertising, 
transportation, and packaging (Morris 1994). 

The marketing plan must also lay out the preferred 
form of business structure. Many fish farmers are sole 
proprietorships or partnerships, but others are verti¬ 
cally integrated companies with control over several 
stages of the market channel or supply chain. For ex¬ 
ample, a shrimp company that owns its own farm, 
hatchery, and packing plant is vertically integrated. It 
controls its own supply chain and, thus, is in a po¬ 
sition to be more flexible in terms of meeting cus¬ 
tomer demand throughout the supply chain. Still other 
companies integrate horizontally to gain market power 
through joint marketing efforts. 



28 


Managing Aquaculture Businesses 


The marketing plan begins with a summary of the 
current market. The market demographics are de¬ 
scribed and include geographic information, potential 
numbers of customers by outlet types (supermarkets, 
restaurants), age, gender, education levels, household 
income, or lifestyle segment. Consumer needs, likes 
and dislikes, and buying trends by geographical area 
are important information. Substitute products sold lo¬ 
cally should be identified and market inquiries made. 

The marketing plan continues with a description 
of the product situation. The recent history of sales 
and revenue for current products, the size, goal, mar¬ 
ket share, product quality, and marketing strategies 
of competing firms already in the markets of inter¬ 
est are described and assessed. Important competitive 
attributes may include: price, product form, product 
quality, species availability, sources of competing sup¬ 
ply, and buyer preferences. The existing distribution 
situation, in terms of sales through brokers, whole¬ 
salers, and retailers, should be described in detail. 

If the target market is a processing plant, it is still im¬ 
portant to visit the plant and identify delivery require¬ 
ments. Some important types of information to obtain 
from a processor include: historical prices paid, dock¬ 
age rates and policies, transportation charges, if any, 
frequency of payment to growers, seasonality trends 
as these affect fish deliveries at the plant, delivery vol¬ 
ume requirements, fish size requirements, quality stan¬ 
dards and quality control procedures, delivery quotas 
and scheduling, contracts, and bonding requirements. 
Transportation requirements and plans should be in¬ 
cluded in the marketing plan. 

The final section of the marketing plan is to forecast 
sales and set annual sales goals. Consumer census data 
and business or economic development data can then 
be used to estimate the number of potential buyers in 
the targeted market area. 

Resources Available to the Farmer 

It is important to develop a careful listing of the re¬ 
sources available to the farmer. These need to be cat¬ 
egorized as those that are already available, those that 
could be acquired readily, and those that would be 
difficult to acquire. Land is essential, of course. How 
many acres of land are available for the project? What 
kind of land is it? Are there any limitations to its use? 
For example, if the land available is prone to flooding, 
extra expense may be incurred due to construction of 
adequate facilities to prevent damage to the business 
during flooding events. Severe risk of flooding may 


prohibit development of the business on that site all 
together. Is the land appropriate for the proposed busi¬ 
ness? Weather and temperature can be critical compo¬ 
nents. Raising a tropical animal like tilapia in a tem¬ 
perate climate will result in higher costs of production 
due to the necessity of maintaining stocks indoors in 
heated facilities over the winter. 

The availability of adequate water resources is crit¬ 
ical. The total volume of water needed must be calcu¬ 
lated to assess whether the available water resources 
are adequate. The quality of the water must also be as¬ 
sessed carefully. What is the salinity level? Is it appro¬ 
priate for the species planned to be cultivated? Along 
with the availability of adequate supplies of water, the 
adequacy of the site in terms of discharges must be 
assessed. While pond facilities discharge water only 
rarely, there needs to be a plan even for occasional 
discharge events. 

Capital is a major resource needed to begin an aqua¬ 
culture business. Capital requirements tend to be high 
in aquaculture. The assessment of access to adequate 
levels of capital must be done carefully, objectively, 
and realistically. The availability of labor resources 
must also be assessed. 

Determine Optimal Levels of Input 
and Output for the Products to be 
Produced 

A projected whole-farm plan should be developed 
based upon the product and input prices projected. 
Chapter 17 presents details of how to develop whole- 
farm plans. 

The Financial Analysis 

There are many excellent books on the preparation of 
a business loan proposal, on farm management, and on 
the financial analysis of agricultural businesses. It is 
beyond the scope of this chapter to present definitions 
of the terms and concepts used in development of the 
financial statements discussed below. Chapters 10-14 
provide details of the terms, concepts, and calculations. 
However, a list of reference materials is included at 
the end of this chapter for additional background and 
detail. 

A table of annual cost and returns, an enterprise 
budget, should be estimated for the proposed produc¬ 
tion system. This statement indicates whether or not 
the proposed production system is profitable. Table 
3.1 in this chapter provides an example. Chapter 10 
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Table 3.1. Enterprise Budget for a 60-acre Catfish Farm (Stocking 5,690 4- to 6-inch 
Fingerlings/acre; Feed Fed at 4.78 tons/acre/year; Yield of 4,500 Ib/acre; Fingerlings Purchased 
Off Farm; Ponds Owned by Farmers). 


Item 

Description 

Unit 

Quantity 

Price/cost 

Total 

Gross receipts 

Variable costs 

Catfish foodfish 

lb 

270,000 

0.70 

189,000 

Feed 

32% protein floating 

Ton 

286.80 

385 

110,418 

Fingerlings 

5-inch 

Inch 

1,707,000 

0.010 

17,070 

Labor 

Part-time 

FTE* 

0.4 

16,608.00 

6,643 

Plankton control 

Empirical average 1 " 

Acre 

60 

14.40 

864 

Gas and diesel 

Empirical average 1 

Acre 

60 

130 

7,800 

Electricity 

Empirical average 1 

Acre 

60 

289 

17,340 

Repairs and maintenance 

Empirical average 1 

Acre 

60 

97 

5,820 

Bird depredation supplies 


Acre 

60 

6.25 

375 

Seining and hauling 

Catfish foodfish 

lb 

270,000 

0.05 

13,500 

Telephone 

Empirical average 1 

Acre 

60 

17 

1,020 

Office supplies 

Empirical average 1 

Acre 

60 

11 

660 

Interest on operating capital 


$ 

15L258 1 

0.10 

15,126 

Total variable costs 

Per farm 




196,636 


Per acre 




3,277 

Income above variable costs 
Fixed costs 





-7,636 

Farm insurance 

Empirical average 1 

Acre 

60 

43.6 

2,616 

Legal/accounting 

Investment 

Empirical average 1 

Acre 

60 

18.80 

1,128 

Land 

Empirical average 1 

$ 

49,320 § 

0.10 

4,932 

Wells 

Empirical average 1 

s 

14,000’ 

0.10 

1,400 

Pond construction 

Empirical average 1 

$ 

83,880** 

0.10 

8,388 

Equipment 

Annual depreciation 

Empirical average 1 

s 

138,100 

0.10 

13,810 

Equipment 

Empirical average 

Acre 

1 

14,110 

14,110 

Total fixed costs 

Per farm 




46,384 


Per acre 




773 

Total costs 

Per farm 




243,020 


Per acre 




4,050 

Net returns to operator's 





-$54,020 

labor, management, and 
risk perform 

Per acre 




-$900 

Opportunity costs 






Operator's labor 

Family 

Total 

1 

9,965 

9,965 

Operator's management 

Family 

Total 

1 

2,610 

2,610 

Total opportunity costs of 





12,575 

family labor and 
management 






Total costs 





255,595 

Net returns to operator's risk 





-66,595 

perform 

Per acre 




-1,110 


(i Continued) 
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Table 3.1. (Continued) 


Item 

Description 

Unit Quantity 

Price/cost 

Total 

Noncash costs 




42,640 

Net returns above cash (to 




-23,955 

operator's risk) perform 

Per acre 



-399 

Breakeven price 

Above variable costs 



0.73 


Above total costs 



0.95 

Breakeven yield 

Above variable costs 

Per farm 


280,908 



Per acre 


4,682 


Above total costs 

Per farm 


365,135 



Per acre 


6,086 


* FTE, full-time equivalent. One person working one 10-hour day is 1 FTE. Two people working 5-hour days is 1 FTE. 
7 From survey data reported in Engle (2007). 

t Operating capital was assumed to be used for 10 months of the year. 

§ Land values = $822/acre. 

^ Two wells at $7,000 each. 

** Pond construction costs = $1,398/acre. 


presents details on developing an enterprise budget. In many cases, it may be 18-24 months before in- 

The calculated net returns from the statement indicate come is realized. For operating lines of credit, a lien 

the general level of profitability. Furthermore, the an- on the fish crop and a first mortgage collateral posi- 

nual cost and returns statement indicates breakeven tion will be required by most lenders as a minimum 

costs and breakeven yield. standard. 

The business proposal must clearly summarize A lender will require a current appraisal that re¬ 
financing requirements for the fish farm. Required fleets the value before and after ponds and facilities 

financing should be divided into the following loan are constructed. This will be used to calculate a loan- 

categories: operating, equipment, and real estate. to-appraisal value ratio. Most lenders will want a loan- 

Chapter 14 provides detail on lending to aquaculture to-appraisal value ratio of 50-125%, depending upon 

businesses. the borrower’s financial strength. Some lenders may 

The amount of capital for an operating loan is based require a Farm Service Agency or other type of guar- 

on the amount of variable cost required. Equipment antee for those with loan-to-appraisal values above 

loans cover the purchase of any new or additional 50%. 

equipment necessary, while a real estate loan cov- The balance sheet lists the assets and liabilities 

ers the cost of constructing ponds, buildings, or other (debts) that would be for the entire business includ- 

relatively permanent structures. Repayment schedules ing the new aquaculture operation. From the balance 

should be specified to demonstrate how revenues will sheet, net worth (owner equity) can be calculated as 

cover debt payments. See Chapter 12 for details on well as the following financial ratios: equity/asset ratio 

repayment ability as determined by cash flow budgets. (owner equity), debt/asset ratio, debt/equity ratio, and 

The owner may wish to schedule payments in such a current ratio. Table 3.2 provides an example. Chap- 

way as to either defer payment or only pay interest the ter 11 provides detail on development of the balance 

first year. Construction of ponds or other facilities and sheet. 

weather delays may cause revenues to be delayed the Minimum standards used by lenders to evaluate the 

first year. The borrower will need to present a sound current ratio range from 1.3 to 1.5 with the higher 

plan to demonstrate how interest will be paid during level being preferred. See Chapter 4 for details of ratio 

the construction phase and throughout the first year’s analysis. The actual dollar amount of working capital 

production season. is also compared with the value of farm production. 
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Table 3.2. Balance Sheet for a 60-acre 
Catfish Farm, December 31. 


Item 

Total value 

Assets 


1. Current assets 


Cash on deposit 

$3,715 

Fish inventory* 

$62,370 

Total current assets 

$66,085 

2. Noncurrent assets 


Equipment 

$138,100 

Ponds 

$83,880 

Wells 

$14,000 

Land 

$49,320 

Total noncurrent assets 

$285,300 

3. Total assets 

$351,385 

Liabilities 


4. Current liabilities 


Payments on debt due and payable 


over next year 

Operating loan interest 

$768 

Operating loan principal 

$41,046 

Total current liabilities 

$41,814 

5. Noncurrent liabilities 


Equipment loan 

$0 

Real estate loan 

$0 

Total noncurrent liabilities 

$0 

6. Total liabilities 

$41,814 

7. Net worth (3-6) 

$309,571 


* 4,500 submarketable fish/acre at 0.33 lb each @ 0.70/lb. 


The income statement itemizes anticipated farm in¬ 
come and expenses after the second full year of op¬ 
eration. The income statement is also called the profit 
and loss statement. Net farm income, return to capital, 
return to labor and management, and return to equity 
are calculated from the income statement. Table 3.3 
provides an example. See Chapter 11 for details of 
developing income statements. 

A cash flow budget shows cash receipts and cash ex¬ 
penses by month, quarter, or year. It includes only cash 
expenses and provides an indication of when cash will 
be available for loan repayment. Table 3.4 provides an 
example. See Chapter 12 for details on development 
of cash flow budgets. 

The cash borrowing requirements projected by the 
cash flow budget must be examined carefully. Given 
the borrowing capacity of the farmer, can these bor¬ 
rowing requirements be met feasibly? Are there ways 


Table 3.3. Income Statement for a 60-acre 
Catfish Farm, December 31. 


Item 

Total value 

Catfish farm revenue 

Cash catfish sales 

$189,000 

Total catfish farm revenue 

$189,000 

Catfish farm expenses 

Cash operating expenses 

Feed 

$110,418 

Fingerlings 

$17,070 

Labor 

$6,643 

Plankton control 

$864 

Gas, fuel, and oil 

$7,800 

Electricity 

$17,340 

Repairs and maintenance 

$5,820 

Bird depredation supplies 

$375 

Seining and hauling 

$13,500 

Telephone 

$1,020 

Office supplies 

$660 

Legal/accounting 

$1,128 

Insurance 

$2,616 

Total cash farm expenses 

$185,254 

Depreciation 

$14,110 

Total operating expenses 

$199,364 

Cash interest paid 

Interest on operating line of credit 

$10,744 

Interest paid on long-term loans 

Land 

$4,932 

Wells 

$1,400 

Pond construction 

$8,388 

Equipment 

$13,810 

Total interest paid 

$39,274 

Total expenses 

$238,638 

Net farm income from operations 

-$49,638 

Family labor 

$12,575 

Net returns to operator’s risk 

-$62,213 


to restructure purchases or production to alleviate cash 
flow problems? An applicant needs to provide 3 years 
of tax records as well as 3 years (including a current 
statement) of financial statements. 

Operating capacity and management skills will be 
critical to the success of a fish farming business. If 
the owner does not have these skills, the business pro¬ 
posal must include funds to hire a manager or demon¬ 
strate that the owner has either taken or will be taking 
courses in fish production. The resume should note 
these courses along with experience raising fish that 
includes acreage managed, yields, stocking, and feed¬ 
ing rates, and hatchery experience. 
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Managing Aquaculture Businesses 


REVISIONS TO THE BUSINESS PLAN 

The plan must also include a detailed methodology 
for monitoring and evaluating the company’s perfor¬ 
mance once the plan is put into place. The business plan 
typically will need to be revised following the evalua¬ 
tion of the marketing and production plans developed. 
Problems detected in cash flow, in financial strength, 
borrowing capacity, or overall feasibility require that 
the proposed business be modified to overcome these 
problems. Once modifications are proposed, then the 
marketing and production plans and financial state¬ 
ments must also be revised and reanalyzed to see if the 
modifications made have resolved the problems. 

Ideally, the best would be to analyze all alterna¬ 
tive strategies with potential to achieve the goals and 
objectives of the business. In reality, few aquaculture 
businesses have the capability to do this. Thus, the it¬ 
erative process suggested above may be more practical 
for many farmers. 

EVALUATION OF A LOAN PROPOSAL 

In evaluating a business proposal and loan application, 
lenders will take into consideration several factors. 
The overall character and honesty of the individual is 
considered on the basis of his or her history of pay¬ 
ing other bills and character references. Owner equity, 
the current ratio (from the balance sheet), the loan-to- 
appraisal value, and the value of farm production are 
key indicators for many lenders. Earnings will be ex¬ 
amined in great detail along with repayment capacity. 
These will be viewed in terms of sustaining produc¬ 
tion over a 3-year price cycle. Collateral and capital of 
the individual operator will also affect the level of the 
lender’s decision. The lender will look at the financial 
condition of the processor to make certain that the pro¬ 
ducer will receive payment within 2-3 weeks of fish 
delivery. A comprehensive and thorough proposal will 
greatly facilitate the loan application process. 

RECORD-KEEPING 

A business plan requires detailed records on every 
phase of the business, from production and marketing 
data to complete financial information. The most use¬ 
ful data are longer-term series of price and cost data. 
These provide for trend analyses and indicate where 
prices and costs are headed for better planning. 

Detailed market information is also valuable. Main¬ 
taining files of market reports and changing conditions 


is a good basis for developing the marketing plan por¬ 
tion of the business plan. 

PRACTICAL APPLICATION 

Tables 3.1-3.4 present the financial analyses for a 
60-acre catfish farm in the United States. This farm 
plans to sell food-sized fish to a processing plant. The 
farm’s production technology is the same as that of the 
256-acre farm for which financial statements are pre¬ 
sented in Chapters 10-12. For comparison between 
the two farm sizes, Table 3.5 summarizes key finan¬ 
cial indicators for a 256-acre farm, demonstrating its 
financial feasibility. 

The 60-acre farm is facing a different set of cir¬ 
cumstances from those of the 256-acre farm. Feed and 
energy prices have escalated rapidly but fish prices 
have not. Thus, Tables 3.1 and 3.3 shows that this farm 
is not profitable. Its balance sheet (Table 3.2) shows 
a high net worth. This is primarily because the farm 
used its own capital, borrowing the operating capital 
necessary for cash flow. However, the cash flow budget 
(Table 3.4) shows that there are cash shortfalls in the 
months of February, March, August, and September. 
Thus, new borrowing will be needed in these months. 
The new borrowing results in adequate cash flow (Ta¬ 
ble 3.6), but incurs an operating loan of $48,068 and 
an outstanding operating loan of $7,022 at the end of 
the year. Thus, with the operating loan, this farm can 
make its payments in the short term. 

However, few farms can provide all the investment 
capital needed. If the farm has to borrow just 30% 
of the capital needed to purchase the equipment, buy 
the land, and build the ponds, the cash flow changes 
substantially. Table 3.7 shows that less of the operat¬ 
ing loan was paid off throughout the year, leaving an 
operating loan balance of $22,030 that will need to 
be carried over until the next year. Thus, this farm has 
problems of profitability as well as cash flow problems 
if even just 30% of the long-term capital is borrowed. 

This farm will need to make some adjustments. 
Breakeven price of catfish sold above total costs from 
the enterprise budget is $0.95. The farm will need to 
explore some alternative markets to see if developing 
a live market can result in achieving a higher price. 
Careful analysis will be needed to determine the vol¬ 
ume of fish likely to be sold as a live product. In some 
areas, live catfish are sold for as much as $ 1.00/lb, 
but volumes tend to be only a few thousand pounds 
a week. Alternatively, the farm may need to look at 
the feasibility of either expanding its size to capture 
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Table 3.5. Summary of Results of Financial Analyses of 256-acre Catfish Farm Example. 


Analysis 

Unit 

Farm value 

Per-acre value 

Source (table in 
this volume) 

Enterprise budget 

Net returns to operator’s risk 

$ 

-$18,502 

—$72 

Table 10.2 

Net returns to operator’s labor, management, 

$ 

$2,792 

$11 

Table 10.2 

and risk 

Breakeven price above variable costs 

$/lb 

$0.57 

$0.57 

Table 10.2 

Breakeven price above total costs 

$/lb 

$0.72 

$0.72 

Table 10.2 

Breakeven yield above variable costs 

lb/acre 

932,104 

3,641 

Table 10.2 

Breakeven yield above total costs 

lb/acre 

1,178,431 

4,603 

Table 10.2 

Balance sheet 

Total current assets 

$ 

$281,961 

1,101 

Table 11.1 

Total noncurrent assets 

s 

$1,003,890 

3,921 

Table 11.1 

Total assets 

s 

$1,285,851 

5,023 

Table 11.1 

Total current liabilities 

s 

$110,584 

432 

Table 11.1 

Total noncurrent liabilities 

$ 

$423,630 

1,655 

Table 11.1 

Total liabilities 

$ 

$534,214 

2,087 

Table 11.1 

Net worth 

$ 

$751,637 

2,936 

Table 11.1 

Income statement 

Net farm income from operations 

s 

$2,792 

10.91 

Table 11.2 

Cash flow budget 

Cash available 

$ 

Increasing 

n.a.* 

Table 12.1 

New borrowing 

s 

across 

months 

0 

n.a.* 

Table 12.1 

Debt outstanding 

s 

0 

n.a.* 

Table 12.1 


* Not applicable to a cash flow budget. 


economies of scale or to decrease its size to focus on 
producing the volumes that local live markets can bear. 
Complete financial analyses are needed for each new 
scenario to judge its feasibility. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Engle and Neira (2005) developed a series of pro forma 
financial statements for tilapia businesses in Kenya. 
Data were collected from tilapia farms in Kenya from 
which sample enterprise budgets were developed. The 
base enterprise budget for a 1-ha tilapia farm in Kenya 
was based on a stocking rate of 3.0 tilapia/m 2 . Fish 
were assumed to be fed a pelleted diet. The enter¬ 
prise was profitable, with positive net returns. The in¬ 
come statement also demonstrated profitability with 
positive net farm income. The balance sheet showed 
positive owner equity, indicating a strong financial po¬ 
sition. The cash flow budget showed a positive cash 
flow balance, with an ending cash balance greater than 


the beginning cash balance. Overall, the business plan 
showed that the overall plan is feasible. 

SUMMARY 

This chapter presents an outline of the content of a 
thorough business plan. Aquaculture businesses are 
sophisticated and capital-intensive businesses. Prepa¬ 
ration of a comprehensive plan can help the owner 
to avoid major problems or redirect the business in a 
manner that is likelier to succeed. 

REVIEW QUESTIONS 

1. Why is a business plan important? 

2. What is the difference between a business plan 
and a business loan proposal? 

3. What are the major components of a business 
plan? 
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4. What is the difference between a commodity and 
a niche market? 

5. Why does business planning take so much time? 

6. Describe several examples of the types of exter¬ 
nal and internal opportunities that can affect an 
aquaculture business. 

7. Describe several examples of the types of external 
and internal threats that can affect an aquaculture 
business. 

8. What are the major components of the marketing 
plan for the business? 

9. Outline the content of the production plan that 
must be included in a complete business plan. 

10. What types of resources are available for devel¬ 
oping aquaculture business plans? 
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Monitoring Economic and 
Financial Performance of 
Aquaculture Businesses 


Efficient management of a farm can make the differ¬ 
ence between profits and losses especially in years with 
unfavorable prices and costs. However, farm manage¬ 
ment involves more than just taking care of the bi¬ 
ological processes involved; it includes paying close 
attention to economic and financial measures of the 
farm business. Few farmers enjoy spending time on 
financial analysis, but doing so is essential to the suc¬ 
cess of the business. Even if the business retains an ac¬ 
counting firm to generate the analyses, spending time 
to use the results to plan to make improvements is 
necessary. 

Chapter 3 described the process of developing 
a comprehensive plan for the aquaculture business. 
Having the plan developed is a first step, but the 
owner/manager must follow up on the plan each year 
with equally careful analysis and assessment of the 
performance of the business over the past year. This 
analysis should go through the entire plan to assess 
whether the short-term goals for that year were met 
or not. There are a series of biological, economic, and 
financial ratios and indicators that can be used to iden¬ 
tify why goals were not met and (or if they were) 
to further evaluate the business’s performance over the 
year. From this evaluation, new goals for the upcoming 
year must be developed and the overall plan modified 
as appropriate, to keep the business on track to meet 
its longer-term goals. 

Solvency and liquidity are important financial mea¬ 
sures of the overall well being of a business. Solvency 
refers to the value of the assets owned by the business 
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as compared to the amount of liabilities. Assets refer to 
the value of anything owned by the business whereas 
liabilities refer to any debt obligations that the business 
has outstanding. Liquidity refers to the ability of a busi¬ 
ness to meet cash flow obligations. Liquidity is critical 
for the financial transactions of the business to run 
smoothly. The balance sheet and income statements 
are used as the bases for measuring and monitoring 
solvency and liquidity in the farm business. For details 
on developing balance sheets and income statements, 
see Chapter 11 of this book. This chapter reviews and 
discusses various types of economic and financial in¬ 
dicators that can be used to measure performance of 
the aquaculture business. 

PRODUCTION AND INPUT USE 
EFFICIENCY 

Production Efficiency 

Production efficiency refers to the biological perfor¬ 
mance of the farm. Monitoring the efficiency of the 
aquaculture business begins with evaluating these bio¬ 
logical factors. The first such measure to monitor is the 
total production from the farm, or gross yield. Gross 
yield is measured in weight of the production per unit 
area (lb/acre or kg/ha for pond production and lb/cubic 
foot or kg/cubic meters for cages). Net yield is the gross 
yield minus the weight of the fingerlings or postlarvae 
stocked. In Table 4.1, the gross yield of catfish was 
4,500 lb/acre while net yield, after subtracting out the 
weight of fingerlings stocked was 4,318 lb/acre. Over 
time, increases in gross and net yield will result in 
reduced production costs and greater productivity. 
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Managing Aquaculture Businesses 


Table 4.1. Production Efficiency Measures, 256-acre Catfish Farm. 


Measure 

Calculation 

Unit 

Farm value 

Gross yield 

Weight of fish sold -t- number of acres 

lb/acre 

4,500 

Net yield 

(Weight of fish sold — weight (lb) of fish stocked) H- 
number of acres 

lb/acre 

4,318 

Survival 

(Number of fish sold H- number of fish stocked) x 100 

% 

79% 

Average size of fish harvested 

Weight of fish harvested H- number of fish harvested 

lb 

1.5 

Growth rate 

(Average size of fish harvested — average size of fish 
stocked) -=- number of days of production 

g/day 

2.2 


Net yield measures the gain in production over time 
and is the more accurate measure of biological effi¬ 
ciency. Gross yield is the weight sold and is used to 
calculate the total revenue for the business. Monitor¬ 
ing yields following management changes on the farm 
will provide a basis for understanding the effects of 
the change. 

Measuring and monitoring survival from year to 
year provides an indication of the effectiveness of the 
measures undertaken to control and minimize mortal¬ 
ities. These may include disease control and predator 
control measures. Table 4.1 shows a survival of 74% 
for the 256-acre catfish farm. Improving survival will 
increase profits and will improve other financial indi¬ 
cators as discussed below. 

Records maintained on the farm must also look at 
the average size of fish harvested. Changes in the av¬ 
erage size of fish harvested each year can provide an 
indication of effects of other management changes on 
the farm, such as changes in the stocking density. Size 
thresholds may have implications for prices paid for 
various size groups of fish. Table 4.1 shows an average 
size of fish harvested of 1.5 lb. Decreases in the average 
weight of fish sold might indicate inefficient grading 
and sales of larger numbers of submarket sized fish 
while increases in the average weight might indicate 
inefficient harvesting (growing numbers of larger fish 
that had previously escaped the seine). 

Growth rates are an important indicator also, but can 
be difficult or impossible to calculate for farms that are 
in continuous production. Increasing growth rates will 
increase turnover rates, can improve cash flow, and are 
likely to increase profitability. 

Input Use Efficiency 

Measures of the efficiency of input use should also be 
used to evaluate and monitor farm efficiency. The feed 


conversion ratio (FCR) is the most important measure 
of input use efficiency, but similar measures can be 
calculated for labor, utility use, and other inputs. FCR 
is the most important for many aquaculture businesses 
because feed is the largest single cost on many aqua¬ 
culture farms. Efficient use of feed inputs will assist 
the farmer to keep costs per unit of fish produced as 
low as possible. Table 4.2 shows a FCR of 2.12 for 
the 256-acre catfish farm. If this farm could reduce its 
FCR across the farm to 2.0, its total costs would be 
reduced by 2.2%, but net farm income would increase 
sevenfold, to $20,450 from $2,792. 

It can be instructive to also calculate similar mea¬ 
sures for other inputs, particularly for businesses in 
which an input other than feed is the most important. 
These can include fish production per worker (effi¬ 
ciency of labor), fish production per dollar of work¬ 
ing capital (efficiency of operating capital), and fish 
production per 1,000 fingerlings stocked (efficiency 
of fingerlings stocked). For the example farm, the in¬ 
put use efficiency measures were: 791 (fingerling effi¬ 
ciency), 6.72 (operating capital efficiency), and 1,800 
(labor efficiency) (Table 4.2). Year-to-year monitoring 
of these efficiency measures will demonstrate whether 
these measures show improvement or decline. For ex¬ 
ample, purchasing an improved strain of fish would 
be expected to result in improved fingerling efficiency, 
while hiring new workers may result in improved labor 
efficiency. Conversely, if fingerling efficiency declines 
after purchase of a more expensive, improved strain, 
it would be advantageous to discontinue expenditures 
on it. 

The farm manager should review the measures of 
input use efficiency at least once a year and compare 
them with previous years. The remainder of this chap¬ 
ter concentrates on economic and financial measures 
that are less commonly used by aquaculture farm man¬ 
agers. 
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Table 4.2. Measures of Input Use Efficiency, 256-acre Catfish Farm. 


Measure 

Calculation 

Unit 

Farm value 

Feed conversion ratio* 

Weight of feed fed -F weight of fish sold 

No unit 

2.12 

Fish production per 1.000 
fingerlings stocked 

Weight of fish sold -F (number of fingerlings 
stocked -F 1,000) 

lb/1.000 fingerlings 

791 

(fingerling efficiency) 

Fish production per dollar of 

Weight of fish sold -F working capital 

lb/$ 

6.72 

working capital (operating 
capital efficiency) 

Fish production per worker 
(labor efficiency) 

(Weight of fish sold -F number of acres) -F 
FTE* of labor 

lb/acre/ worker 

1,800 

Cost of production 

Total costs -F weight of fish sold 

$/lb 

$0.72 

Stocker turnover ratio 

(Total biomass on farm -F sales) x 365 days 

Days of stock 

570 


Marketable feed conversion. 

^ Working capital is determined from the balance sheet (total assets — total liabilities). 

*FTE, full-time equivalent. Determined by adding up the total months of labor and dividing by 12. Combines all seasonal and year-round labor into one 
value. 


Cost of Production 

The cost of production measures the cost of producing 
a single unit of product. It is also referred to as the 
breakeven price and is typically calculated in units of 
$/lb or $/kg. The cost of production can be calculated 
from the enterprise budget (see Chapter 10 for more 
detail) or from the income statement (see Chapter 11 
for more detail). It is a rapid way to view the prof¬ 
itability of the business because a quick comparison 
between the breakeven price and the current market 
price indicates whether there is a profit margin. 

Stock Turnover Ratio 

The turnover ratio provides a measure of how quickly 
the inventory of fish produced is sold, or "turned over” 
into cash revenue. It compares the value of the inven¬ 
tory of fish or shrimp on the farm to the value of the 
sales, and then multiplies that ratio by 365 days. The 
answer calculated is expressed in the number of days 
of inventory on hand. Lower values demonstrate more 
rapid turnover and are preferable. Higher values mean 
that fish inventories on the farm take longer to reach 
market size. Because the fish stocks in inventory on 
the farm must be fed regularly, longer turnover pe¬ 
riods tie up working capital that could otherwise be 
used in more productive ways. Table 4.2 shows a stock 
turnover ratio of 570 days. This is a long period and 
demonstrates a rather inflexible production system. 
Management changes that result in faster turnover, 
perhaps by switching to a faster-growing strain or re¬ 


ducing stocking density to obtain better growth, will 
reduce the stock turnover ratio. A lower stock turnover 
ratio improves cash flow, reduces financial risk, and 
may improve financial performance. 

PROFITABILITY 

A business that is both solvent and liquid will not nec¬ 
essarily be profitable. Profitability is calculated gen¬ 
erally by subtracting total costs from total revenue. It 
is measured from the income statement. However, net 
farm income can be further partitioned into returns or 
profits attributable to each of the four primary factors 
of production: land, labor, capital, and management. 
Returns to capital can be further partitioned into re¬ 
turns to equity capital (capital owned by the farmer) 
and returns to debt capital (borrowed capital). 


Profit Margins 

Two profitability ratios commonly calculated include 
the gross profit margin and the net profit margin. The 
gross profit margin is calculated by dividing the gross 
profit by the sales and multiplying by 100. The gross 
profit margin measures the sales and production per¬ 
formance, can be tracked over time, and can be used 
to compare performance of other similar aquaculture 
businesses. The net profit margin divides net profits 
(gross profit minus operating costs) by sales and mul¬ 
tiplies by 100. 
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Net Farm Income 

The primary measure of farm profitability is net farm 
income. Net farm income measures the return to oper¬ 
ator’s equity, capital, unpaid labor, and management. 
It is measured from the income statement. Net farm 
income is measured as follows: 

Total revenue — total expenses 

= net farm income from operations 
± the gain/loss on the sale of capital assets 
= net farm income 

For the example farm, net farm income from the in¬ 
come statement for the 256-acre catfish farm is $2,792 
(Table 4.3; Chapter 11). This farm will need to improve 
its low net farm income over time to provide adequate 
compensation for the owners. 


Rate of Return on Farm Assets 


The rate of return on farm assets (ROA) measures the 
profits obtained from the use of all capital (debt and 
equity capital) invested in the business and can be com¬ 
pared to rates of return on other long-term investments. 
It has several names including rate of return on assets 
(ROA), return on assets (ROA), return to capital, and 
return on investment (ROI). It can be viewed as an 
interest rate earned on the total investment of capital 
in the farm. It is a measure of profitability because it 
compares the profits (returns minus expenses) to the 
value of the assets of the business. If the farm main¬ 
tains a beginning and ending balance sheet for each 
year, the value of the total assets is averaged between 
the beginning and end-of-year balance sheet. The ROA 
is not related to the way that assets are financed. 

The ROA is independent of the type and amount of 
financing. It can be compared to other similar farms, 
returns from other investments, opportunity costs of 
the farm’s capital, and past ROA values for the farm to 
measure profitability. 

ROA is calculated as follows: 
return to assets 


ROA = - x 100 

average asset value 


(4.1) 


Return to assets is calculated as follows: 


Adjusted net farm income 

(= net farm income from operations plus interest 
expenses) 

— opportunity cost of unpaid labor 

— opportunity cost of management 
= return to assets 


Interest is added back to net farm income (in the cal¬ 
culation of adjusted net farm income) because interest 
expenses were subtracted out in the income statement. 
This is because the ROA measures the return to all 
capital used; if interest has been charged out for the 
use of the capital, then the returns are to the equity 
alone, not the total amount of capital used. In other 
words, the use of the capital would have been charged 
out twice and would give a false measure of the profits 
generated by the capital used in the business. 

In calculating the ROA, adjustments are also made 
for unpaid labor and management that is provided by 
the farm owner and family. If not subtracted out, then 
the calculation of net farm income would include the 
earnings produced by the farm labor and management. 
Because wages were not paid directly to the family 
labor and management, opportunity costs are used to 
assign a value to these resources. The ROA is an aver¬ 
age return and should not be used to make investment 
decisions. Chapter 13 provides details on the appro¬ 
priate tools for assessing investment decisions. 

In Table 4.3, the ROA for the example farm is 10%. 
Rates of return in agriculture are frequently lower than 
for other types of businesses. An ROA of 10% is com¬ 
petitive for many agriculture enterprises, particularly 
during times when interest rates are low. 


Operating Profit Margin Ratio 

The operating profit margin ratio (OPMR) measures 
the proportion of gross revenues left after paying ex¬ 
penses by calculating operating profit as a percent of 
total revenue. The indicator measures the operating 
efficiency of the business. It is calculated as: 

return to farm assets 

OPMR = - (4.2) 

gross revenue of farm 

The higher the value, the more profit the business 
has generated per dollar of revenue. Farms with large 
investments in fixed assets such as land and few operat¬ 
ing expenses will show a higher OPMR. A high OPMR 
results from a business that maintains expenses in pro¬ 
portion to the value of the farm's production. Farms 
with more rented assets will have a higher ROA but 
a lower OPMR. Problems of profitability arise when 
both the ROA and OPMR are below average. A low 
OPMR indicates that more attention must be paid to 
improving this ratio before looking at expanding pro¬ 
duction levels. Low OPMRs can result from inefficient 
production, low prices, or high operating expenses. 
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Table 4.3. Profitability Measures, 256-acre Catfish Farm. 


Measure 

Calculation 

Unit 

Farm value 

Net farm income 

Total revenue — total expenses 

$ 

2,792 

Rate of return on assets (%) 

= net farm income from operations 
± gain or loss on sale of capital assets 

Net farm income 

$ 

2,792 


+ interest expense 

$ 

150,579 


= adjusted net farm income 

$ 

153,371 


— operating cost of unpaid labor 

$ 

10,140 


— operating cost of management 

$ 

11,154 


= return to assets 

$ 

132,077 


ROA = return to assets H- average farm asset 

% 

10% 

Rate of return on equity (%) 

value* x 100 

Net farm income 

$ 

2,792 


— operating cost of unpaid labor 

$ 

10,140 


— operating cost of management 

$ 

11,154 


= return on equity 

$ 

-18,502 

Operating profit margin ratio 

ROE = return on equity H- average equity 1 " x 
100% 

Net farm income 

$ 

-2% 

2,792 


+ interest 

$ 

150,579 


— operating cost of unpaid labor 

$ 

10,140 


— operating cost of management 

$ 

11,154 


= operating profit 

$ 

132,077 


Operating profit margin ratio 

$ 

132,077 


= operating profit H- total revenue x 100% 

% 

16% 

Financial leverage ratio 

ROE H-ROA 

% 

-0.2% 

Return to labor and 


$ 

24,786 = 

management 

Net farm income from operations 

$ 

2,792 


+ interest expenses 

$ 

150,579 


= adjusted net farm income 

$ 

153,371 


— operating cost of all capital (10%) 

$ 

128,585 

Return to labor 


$ 

$13,632 = 


Return to labor and management 

$ 

$24,786 

Return to management 

— operating cost of management 

$ 

-$11,154 
$14,646 = 


Return to labor and management 

$ 

$24,786 


— operating cost of labor 


-$10,140 


Average farm asset value is the average of the beginning and ending value of total asset values from the farm’s balance sheet. In this example 
of the 256-acre catfish farm, the total asset value is $1,285,851 found on Table 11.1 on the balance sheet of the farm. For this example, in the 
absence of beginning (January 1) and ending (December 31) balance sheets, the simplifying assumption is that this value did not change over the 
year. 

t Average farm equity is the average of the beginning and ending value of net worth, from the farm’s balance sheet. In this example of the 256-acre 
catfish farm, the net worth (owner’s equity) is $751,637 found on Table 11.1 on the balance sheet of the farm. For this example, in the absence of 
separate beginning (January 1) and ending (December 31) balance sheets, the simplifying assumption used is that this value did not change over the 
year. 
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The OPMR for the example 256-acre catfish farm is 
16%. This indicates that, for every dollar of revenue, 
$0.16 remains as profit after paying the operating ex¬ 
penses needed to generate that dollar. 


Rate of Return on Farm Equity 


The rate of return on farm equity (ROE) measures the 
returns on the owner’s share of capital (equity) used 
in the business. It can be viewed as an interest rate 
earned on the business’ average equity or net worth. It 
is indicative of the farm’s financial progress because, 
if the business should fail, the equity capital will be 
what the farmer has left after paying off all liabilities. 
It measures the percent return to owner’s net worth or 
equity. If the farm has no debt, the ROE is equal to the 
ROA. It is calculated as: 


return on equity 

ROE = --—- 

average equity 


x 100 


(4.3) 


The ROE is calculated as follows: 


Net farm income from operations 

— opportunity cost of unpaid labor 

— opportunity cost of management 
= return on equity 

In contrast to the calculation of the ROA, interest 
charges are not added back in to net farm income from 
operations to calculate the return on equity. This is be¬ 
cause interest is a charge on borrowed capital. Because 
ROE measures only the return to equity capital, it is 
correct to have charged out the interest cost on bor¬ 
rowed capital prior to calculating ROE. The opportu¬ 
nity costs of unpaid family labor and management must 
still be charged out to appropriately account for their 
contribution to the returns generated from the farm. 

The rate of return on equity in Table 4.3 is —2%. 
This low rate reflects the negative returns on equity 
for the farm. The low returns on equity for the 256- 
acre catfish farm result from the low net farm income 
generated from the farmer’s equity in the business. The 
majority of capital in the business is equity capital that 
is earning a low return. The negative value results after 
charging out the opportunity costs of unpaid labor and 
management. 


Financial Leverage Ratio 


The financial leverage ratio compares debt with equity 
capital by dividing the ROE by the ROA as follows: 


Financial leverage ratio 


ROE 

ROA 


(4.4) 


If the financial leverage ratio is greater than 1 (be¬ 
cause ROE is greater than ROA), then debt capital is 
being used effectively in the business. If the financial 
leverage ratio is less than 1 (ROE is less than ROA), 
the cost of debt capital is higher than the return to 
it. Thus, the financial leverage ratio indicates whether 
debt capital is being used effectively. Table 4.3 shows 
a financial leverage ratio of —0.2%. This value reflects 
the negative value for ROE and indicates that debt 
capital is not used effectively. 

Return to Labor and Management 

Net farm income can be distributed among the four 
principal factors of production: land, labor, capital, 
and management. This is accomplished by charging 
out the costs associated with the other three factors of 
production. What remains is the income that can be 
attributed to that one factor of production. 

The return to labor and management is what remains 
from net farm income after charging out returns for the 
use of all capital. Some businesses have more assets or 
borrow more money than others and will have differing 
costs of capital. Subtracting out the cost of capital 
for the particular business being analyzed allows the 
manager to see what part of income has been produced 
by the labor and management. 

Return to labor and management is calculated as 
follows: 

Net farm income from operations 
+ interest expenses 
= adjusted net farm income 

— opportunity cost of capital 

Return to labor and management for the 256-acre 
catfish farm was $24,786 (Table 4.3). 

Return to Labor 

The returns to labor and management can be further 
partitioned into returns to either labor or returns to 
management by subtracting out the cost of the other 
production factor. These measures indicate whether 
net farm income was sufficient to provide a return 
at least equal to the opportunity costs of labor and 
management. Return to labor is calculated as: 

Return to labor and management 

— opportunity cost of management 
= Return to labor. 

Returns to labor for the 256-acre catfish farm in 
Table 4.3 are $13,632, a positive return to the labor 
resources used. 
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Return to Management 

Return to management is that portion of adjusted net 
farm income remaining after opportunity costs of both 
labor and capital have been subtracted. It represents 
a residual return to the owner for the management 
input, or the decisions made by the manager. Negative 
returns to management are not unusual, but positive 
net returns should be the goal. Returns to management 
can be highly variable from year to year. Returns to 
management are calculated as: 

Return to labor and management 
— opportunity cost of labor 
= return to management. 

Returns to management for the 256-acre catfish farm 
are $14,646 (Table 4.3). These are positive returns to 
the management resource used. 

SOLVENCY 

Solvency refers to the value of assets owned by the 
business (equity) compared to the amount of liabili¬ 
ties owed. Measures of solvency show how the assets, 
liabilities, and equity of the business are related. A 
positive measure of solvency indicates that if the busi¬ 
ness were to be sold, there would be enough capital to 
pay off all debts. In other words, it measures whether 
the value of assets is greater than the value of the lia¬ 
bilities of the business. If the value of the liabilities is 
greater than the value of the assets, then the business 
is deemed to be insolvent. 

Insolvent businesses are at risk of being forced to 
declare bankruptcy. Thus, financial risk is associated 
more with its financial structure and solvency than 
with liquidity. A low net worth provides little margin of 
reserves with which to react to emergencies or financial 
downturns. 


Change in Net Worth, Change 
in Equity 

A change in net worth indicates business growth, ad¬ 
ditional capital investment, and a greater borrowing 
capacity. This is because net worth measures the dif¬ 
ference between total assets and total liabilities; thus, 
net worth gives a measure of the cushion above fi¬ 
nancial obligations. Equity increases primarily from 
increases in the value of assets or from decreases in 
the liabilities. These changes frequently reflect earn¬ 
ings from net farm income that have been retained in 
the business to pay down debt or to acquire additional 
assets. 

Net worth = total assets — total liabilities 

The owner would want to see this number increase 
because the objective of a business is to increase 
net worth over time, to accumulate capital. The 256- 
acre catfish farm showed a decrease in net worth of 
—$245,994 over the previous year (Table 4.4). The 
decrease in net worth is due to decreasing prices of 
catfish (decreased current assets), falling land prices 
(decreased noncurrent assets), and increased borrow¬ 
ing of operating capital (increased current liabilities) 
to cover cash flow shortfalls. 


Net Capital Ratio 


The net capital ratio also measures solvency of the 
business. It is calculated with the following equation: 


total assets 

Net capital ratio = - 

total liabilities 


(4.5) 


If total assets are equal to total liabilities, then the 
net capital ratio will be 1.0. The net capital ratio is the 
inverse of the debt/asset ratio. For the same reason, a 
value of 1.0 indicates that there is no equity in the busi¬ 
ness. Higher values are preferred. For the catfish farm 


Table 4.4. Solvency Measures, 256-acre Catfish Farm. 


Measure 

Calculation 

Calculations 

Farm value 

Change in net worth 

Net worth (Year 2) — net worth (Year 1) 

$505,643 - 

- $751,637 

-$245,994 

Net capital ratio 

Total assets -F total liabilities 

$1,285,851 

-F $534,214 

2.41 

Debt/asset ratio 

Total liabilities -F total assets 

$534,214 - 

-$1,285,851 

0.42 

Equity/asset ratio 

Net worth -F total assets 

$751,214- 

-$1,285,851 

0.58 

Debt/equity ratio 

Total liabilities -F net worth 

$534,214 - 

- $751,214 

0.71 

Debt structure ratio 

Current liabilities -F total liabilities 

$110,584- 

- $534,214 

0.21 

Interest coverage ratio 

Returns on assets -F interest payments 

$21,294-F 

$150,579 

0.14 
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example, the net capital ratio was 2.41, demonstrating 
a solvent business. 


Debt/Asset Ratio 


The debt/asset ratio is a common measure of business 
solvency. It measures the amount of debt as compared 
with the total value of assets of the business. It shows 
the extent to which assets were acquired with debt 
versus equity capital. It is calculated by dividing to¬ 
tal farm liabilities by total farm assets using current 
market values for each. 


total farm liabilities 

Debt/asset ratio = - 

total farm assets 


(4.6) 


Thus, the debt/asset ratio measures how much of 
the total farm assets are obligated to a banker or other 
lender. 

Smaller values are preferred to larger ones. Smaller 
values indicate a better chance of maintaining the sol¬ 
vency of the business should it be faced with a period 
of adverse economic conditions. Low debt/asset ra¬ 
tios may also indicate that a manager is reluctant to 
use debt capital to take advantage of profitable in¬ 
vestment opportunities. Higher values indicate that a 
greater amount of the farm’s assets are obligated to the 
firm’s creditors. 

A business that has borrowed all the capital needed 
for the business would have a debt/asset ratio of 1.0. 
This is because the total amount of liabilities will ex¬ 
actly equal the total amount of assets; in such a case, 
there is no equity because all the capital used has been 
borrowed. A debt/asset ratio greater than 1 indicates an 
insolvent business because the value of the liabilities 
is greater than the value of the assets; if the business 
would be sold, the amount of cash obtained from sale 
of the assets would not be enough to pay off the debts. 

In Table 4.4, the debt/asset ratio for the example 
catfish farm is 0.42. This value is less than 1, an ac¬ 
ceptable value, and indicates a solvent business. If this 
value is decreasing, however slightly, this means that 
assets are growing faster than debt, which would be 
a positive sign of improving solvency. This indicator 
should decrease as equity in the business grows. 


Equity/Asset Ratio 

The equity/asset ratio is calculated in a similar man¬ 
ner, but compares only the equity that the owners 
have in the business to the value of the assets. It in¬ 
dicates the proportion of total assets that have been 
provided through the owner’s equity capital. The fol¬ 


lowing equation is used to calculate the equity/asset 
ratio: 

total equity 

Equity/asset ratio = - (4.7) 

total assets 

The value of the equity/asset ratio cannot exceed 
1.0 because the farmer cannot own more than the total 
value of the assets in the business. A value of 1.0 also 
indicates that there are no liabilities; all capital for the 
business has been provided by the owner. In general, 
higher values are preferred because the overall goal 
of most businesses is to accumulate capital and value 
over time in the form of growing equity. As equity in 
the business increases, assuming that the total value 
of the assets remains the same, the equity/asset ratio 
will grow in proportion to the growth in equity. Higher 
values indicate that the farmer owns a larger share of 
the farm’s assets relative to the debt capital. A negative 
equity/asset ratio can occur if equity is negative and is 
an indicator of insolvency. 

The equity/asset ratio for the example catfish farm in 
Table 4.4 is 0.58. This is an acceptable value because it 
is positive; a negative value would indicate an insolvent 
business. If the equity/asset ratio increases from year 
to year, this indicates that equity is growing in relation 
to asset levels. In this example, the equity/asset ratio 
of 0.58 indicates high equity in the business with little 
debt load. Over time, as the loans are paid off, equity 
increases in relation to the level of assets. 


Debt/Equity Ratio 


The debt/equity ratio (also called the leverage ratio) 
compares the level of borrowing with the level of cap¬ 
ital provided by the owner. It is calculated with the 
following equation: 


total liabilities 

Debt/equity ratio = - 

total equity 


(4.8) 


Businesses must pay down their debt over time and 
seek to increase equity in the business. Thus, values 
for the debt/equity ratio that are lower and decreasing 
over time are preferable because this shows that the 
business is successfully paying down the principals 
on loans, and equity is increasing as a result. If half 
of the business’ capital is provided by the owner as 
equity and half is borrowed, then the value of the total 
liabilities and the total equity are the same. In such a 
case, the debt/equity ratio will be 1.0. The debt/equity 
ratio will approach zero as liabilities approach zero. 
Very large values result from very low equity, which 
means an increasing chance of insolvency. A rule of 
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thumb for the debt/equity ratio is a value of 1.0. This 
means that the owner is providing as much capital as 
it borrows. This standard equates to a net capital ratio 
of 2.0 and a debt/asset ratio of 0.50. 

The debt/equity ratio for the example catfish farm 
in Table 4.4 is 0.71. In this example farm, there is 
very high equity because the majority of the capital is 
owned, indicating high solvency. Thus, this low value 
indicates a relatively low level of financial risk in the 
business. New businesses tend to have lower levels of 
equity which results in high debt/equity levels. The 
debt/equity ratio would be expected to be higher for 
newer farms that are highly leveraged. Newer farms 
with high initial debt/equity ratios would be expected 
to show decreasing debt/equity levels over time as debt 
is paid off and equity in the business increases. 


Debt Structure Ratio 


The debt structure ratio demonstrates how much of the 
debt is due and payable in the next year. It calculates 
the percent that current liabilities compose of total lia¬ 
bilities and is calculated from the following equation: 


current liabilities 

Debt structure ratio = - 

total liabilities 


(4.9) 


A business that has a high debt structure ratio is one 
that has most of its debt as an operating loan or other 
types of payments due the coming year. As long as 
the liquidity measures indicate that there are sufficient 
sources of cash to meet the financial obligations of the 
coming year, this is not a problem. However, if there 
are liquidity problems, then corrective actions must be 
taken as quickly as possible. Restructuring loans might 
be necessary to move current to noncurrent liabilities, 
for example. The debt structure ratio cannot exceed 1 
because it is not possible for the current liabilities to 
exceed total liabilities. For the example catfish farm, 
the debt structure ratio is 0.21. This indicates that 21% 
of the debt consists of current liabilities. 


Interest Coverage Ratio 

The interest coverage ratio is considered a measure of 
solvency and of financial risk. It relates a firm’s finan¬ 
cial charges (interest) to the firm’s ability to service 
debt. It also indicates how much of the firm’s returns 
to assets are available for every dollar in interest com¬ 
mitment. It covers a period of time, rather than a point 
in time. 

The interest coverage ratio is calculated as the net 
income after taxes plus interest paid and accrued, di¬ 


vided by the interest. This is calculated from the in¬ 
come statement. The higher the interest coverage ratio, 
the less the burden that interest payments have on in¬ 
come. 

It is calculated as follows: 


Interest coverage ratio 


R 

1 


(4.10) 


where R is the business’ returns to their assets and / is 
the amount of interest charges. However, the interest 
coverage ratio does not account for the principal pay¬ 
ments that are equally important to the firm’s ability 
to service its debt. 

The interest coverage ratio calculates the operating 
profit as a ratio of interest charges (and is multiplied 
by 100). This ratio indicates the extent to which profit 
before interest will cover the interest charges to be 
accrued. For the example farm, the interest coverage 
ratio is 0.14 (Table 4.4). 


LIQUIDITY 

Liquidity is the ability of a business to meet cash flow 
obligations. Liquidity is important to keep financial 
transactions of the business running smoothly. Ade¬ 
quate liquidity indicates that the business will be able 
to pay its bills and meet all its financial obligations 
while the business proceeds in a normal fashion. In 
other words, no extraordinary measures (such as sell¬ 
ing off needed equipment to quickly generate cash) 
are needed to make the payments necessary. Given 
that no one can forecast or project the future perfectly, 
it is critical to plan to have liquid reserves available 
to have the capacity to adjust to unforeseen adverse 
circumstances. 

Liquidity is concerned with the short-run ability to 
meet financial obligations, typically, over the upcom¬ 
ing accounting period. Thus, the analysis of liquidity 
involves use of the current assets and current liabilities 
from the balance sheet as well as other measures from 
the cash flow budget. Current liabilities measure the 
need for cash over the next year while current assets 
measure the amount of cash that will become available 
over the next year. 


Current Ratio 

The current ratio is a quick indicator of a firm’s liq¬ 
uidity. Current assets are those that will be sold or 
turned into saleable products in the near future and will 



50 


Managing Aquaculture Businesses 


generate cash to pay debt obligations that come due. 
The current ratio is calculated as follows: 

current farm assets 

Current ratio = - (4.11) 

current farm liabilities 

From this equation, it is clear that the current ra¬ 
tio compares the value of current farm assets with the 
value of current farm liabilities. A business that expects 
to have just enough cash available in the coming year 
to meet its financial obligations for that year will have 
a current ratio of 1, because current assets will exactly 
equal current liabilities. A current ratio of 1 indicates 
that the business is liquid for the upcoming year, but 
there is no margin for adverse circumstances that are all 
too common in aquaculture. Thus, the higher the value 
of the current ratio, the better, because the business is 
more liquid and better able to meet its financial obli¬ 
gations over the next year even if faced with adverse 
conditions. A current ratio of 2 is generally considered 
indicative of a favorable liquidity position. 

The current ratio of 2.55 for the example catfish 
farm in Table 4.5 is an acceptable level. There are 
adequate current assets to cover current liabilities, with 
some safety margin. In future years, this value should 
increase because payments on debt will lower liability 
levels. 

Working Capital 

Working capital is calculated as the difference between 
current assets and current liabilities. Thus, it is not a 
ratio but a dollar value. It represents excess dollars 
available from current assets after current liabilities 
have been paid. It is the money that the farm has avail¬ 
able for use in the near future. Working capital provides 


a measure of the safety margin that would be available 
over the next year to meet financial obligations in the 
event of adverse circumstances. Working capital also 
measures whether funds would be available to make 
additional purchases for the business or family, after 
meeting the required financial obligations for the next 
year. 

Working capital for the example farm in Table 4.5 is 
$171,377. This value represents the margin of safety 
for liquidity. Its positive value and its magnitude indi¬ 
cate a high degree of liquidity for the catfish farm. This 
value will increase as growth of the fish crop increases 
asset values. 

Cash Flow Coverage Ratio 

The cash flow coverage ratio indicates the extent to 
which the excess cash generated by the business pro¬ 
vides a cushion for or flexibility in covering debt¬ 
servicing requirements. It excludes payments on the 
operating loan balance because they are so flexible. 

The cash flow coverage ratio is calculated by di¬ 
viding the excess available cash by the cash required 
for interest and principal payments. It is calculated 
from the cash flow budget. Higher ratios indicate more 
favorable liquidity. For the example catfish farm, the 
cash flow coverage ratio is 5.63. This indicates a sub¬ 
stantial amount of cash available for each dollar of 
interest and principal payments. 

Debt-Servicing Ratio 

The debt-servicing ratio is calculated by dividing the 
cash required for interest and principal payments by 
the total cash available. It is measured from the cash 


Table 4.5. Liquidity Measures, 256-acre Catfish Farm. 


Measure 

Calculation 

Calculations 

Farm value 

Current ratio* 

Current assets 

H- current liabilities 

$281,961 

4- $110,584 

2.55 

Working capitaT 

Current assets 

— current liabilities 

$281,961 
- $110,584 

$171,377 

Cash flow coverage ratio^ 

Excess available cash 
-T- cash required for interest and principal 
payments 

2,019,448 

H- 358,639 

5.63 

Debt-servicing ratio 

Cash required for interest and principal 
payments 

-7- total cash available 

$358,639 

H- $2,019,448 

0.18 


From balance sheet. 
^From cash flow budget. 



Monitoring Economic and Financial Performance of Aquaculture Businesses 


51 


flow statement. Higher ratios indicate that there is a 
greater burden of debt on cash flow and lower liquidity. 
The debt-servicing ratio for the example catfish farm 
is 0.18 (Table 4.5), indicating that the interest and 
principal payments represent only 18% of the total 
cash available. 

FINANCIAL EFFICIENCY 

Operating Expense Ratio 

The operating expense ratio provides a ratio of ex¬ 
penses to gross farm revenue. It is calculated as: 

Operating expense ratio 

= total farm operating expenses 
— depreciation/amortization 
-F gross revenues 

The operating expense ratio for the example catfish 
farm is 0.70 (Table 4.6). 

Depreciation Expense Ratio 

The depreciation expense ratio compares the depre¬ 
ciation expenses as a percent of gross revenues. It is 
calculated as: 

Depreciation expense ratio 
= depreciation/amortization 
-F gross revenues 

The depreciation expense ratio for the example farm 
is 0.05. 

Interest Expense Ratio 

The interest expense ratio compares the interest ex¬ 
penses as a percent of gross revenues. 

Interest expense ratio = total farm interest expense 
-F gross revenues 


The interest expense ratio provides a measure of 
the portion of expenses that are attributed to interest 
payments on borrowed capital. The more leveraged 
(greater the debt load) the business and the higher 
the interest rates, the more important is the interest 
expense ratio. 

Turnover Ratio 

The turnover ratio (also called the asset turnover ratio) 
is calculated by dividing the gross farm revenue by the 
average total farm assets. It is a measure of efficiency 
and measures how quickly the business’ assets are 
turned into revenue. 

It is calculated as follows: 

gross revenues 

Asset turnover ratio = - 

average total farm assets 

Higher values indicate greater efficiency of the farm 
business because higher values indicate that assets are 
turning over more rapidly. This means that there are 
greater opportunities for profits (assuming that profit 
margins are positive). Asset turnover ratios are com¬ 
monly in the range of40-50%. The asset turnover ratio 
for the example farm is 0.63 (Table 4.6). 

Debtor Turnover Period 

The debtor turnover ratio calculates a ratio that com¬ 
pares the funds owed to the business from its sales and 
is multiplied by 365 days (as in the stock turnover ra¬ 
tio). A low debtor turnover ratio reflects a low amount 
of accounts receivable as compared to sales. A high 
ratio indicates that payments must be received more 
frequently. This value typically is preferred to be less 
than 1 month. The debtor turnover period is 42 days 
for the example catfish farm (Table 4.6). 


Table 4.6. Financial Efficiency Measures, 256-acre Catfish Farm. 


Measure 

Calculation 

Calculations 

Farm value 

Operating expense ratio 

Operating expenses — depreciation 
-F gross revenues 

$610,322 - $42,707 -F $806,400 

0.70 

Depreciation expense ratio 

Depreciation -F gross revenues 

$42,707 -F $806,400 

0.05 

Turnover ratio 

Gross farm revenue -F average total 
farm assets 

$806,400 -F $1,285,851 

0.63 

Debtor turnover period 

(Cash owed to business -F sales) x 
365 days 

$100,000 -F 806,400 x 365 

45.26 

Percent owed 

Debt capital -F total assets x 100 

$534,214 -F $1,285,851 x 100 

42 

Acid test ratio 

(Liquid assets -F current liabilities) 

$15,849 -F$l 10,584 

0.14 
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Percentage Owned 

A simple measure of the overall stability of a business 
is to calculate the percentage owned. This is a quick 
measure of the proportion of the business owned by 
the owner. It is calculated by dividing the net capital 
by the total assets and multiplying by 100. 

Acid Test Ratio 

The acid test ratio is calculated from the balance sheet 
and indicates the extent of a safety margin for the short 
term. It is similar to the current ratio but includes only 
cash assets. It is calculated by dividing the liquid assets 
by the current liabilities and multiplying by 100. The 
acid test ratio indicates the extent to which the business 
can survive if all debts are called in by the lenders. 
An acid-test ratio of 100% indicates that the business 
will be able to meet its short-term debt obligations. 
Businesses that carry large inventories of product may 
use the acid test ratio usefully because it considers 
only the cash assets. The acid test ratio for the example 
catfish farm is 0.14. 

Flow of Funds Analysis 

In a flow of funds analysis, the flow of cash is traced 
through the business over the course of the year and 
monitors changes in the values of assets and liabilities. 
It divides cash flow into categories of the sources and 
uses of cash. This analysis shows the effects of deci¬ 
sions on long-term uses of cash. It ensures that there 
is sufficient cash available when needed. 

REPAYMENT CAPACITY 

The ability of the farm to repay its loans is critical 
to the long-term success and viability of the business. 
Repayment capacity must include the ability to repay 
both the interest and principal. The best way to analyze 
and assess repayment capacity is from the cash flow 
budget. This can be viewed by monitoring the line on 
the cash flow budget that presents the outstanding bal¬ 
ance on the operating loan. High repayment capacity is 
indicated by rapid declines of the outstanding balance 
on the line of credit and if the operating loan is repaid 
that same year. 

Term Debt and Capital Lease 
Coverage Ratio 

The term debt and capital lease coverage ratio is also 
known as the term debt coverage ratio. It measures 


whether the business will generate enough cash to meet 
its term debt payments. Term debt payments are the 
scheduled principal and interest payments on noncur¬ 
rent liabilities such as equipment and real estate loans. 
It is calculated as follows: 

Term debt coverage ratio 

= net farm income from operations 
+ total miscellaneous revenue/expense 
-r- total nonfarm income 
+ depreciation/amortization expense 
+ interest on term debt 
+ interest on capital leases 

— total income tax expense 

— owner withdrawals 

-r- (annual scheduled principal and interest 
payments on term debt 
+ annual scheduled principal payments 
on capital leases) 


Capital Replacement and Term Debt 
Repayment Margin 

The capital replacement and term debt repayment mar¬ 
gin is the dollar value that remains after subtracting out 
all expenses, taxes, family living expenses, and debt 
payments. It also represents the cash that is available to 
purchase additional equipment or other capital items. 
It is calculated as follows: 

Capital replacement and term debt repayment 
margin 

= net farm income from operations 

+ total miscellaneous revenue/expense 

+ total nonfarm income 

+ depreciation/amortization expense 

— total income tax expense 

— total owner withdrawals 

— payment on unpaid operating debt from a 
prior period 

— principal payments on current portions of 
term debt 

— principal payments on current portions 
of capital leases 

— total annual payments on 
personal liabilities (if not included in 
withdrawals) 
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GROWTH RATIOS 

Ratios can also be calculated for growth in values such 
as net capital, assets, and liabilities. These are calcu¬ 
lated by subtracting the value for the previous year 
from that of the current year and multiplying by 100. 
These growth ratios give an overall indication of the 
trends in each parameter and, over time, can be useful 
to determine the direction of the business. 


CASH FLOW RISK MEASURES 

Table 4.7 lists several measures of cash flow risk, based 
on the practical application of the 256-acre catfish farm 
presented in Table 4.3. Operating cash flow as a pro¬ 
portion of current liabilities is 45%, slightly less than 
half of the liabilities for the current period. Thus, there 
is room for a similar increase in liabilities that can be 
covered by available operating cash flow. Operating 
cash flow as a percent of the largest short-term credit 
balance is 26%. Thus, there is a cushion that represents 
just 26% of the greatest amount of the outstanding op¬ 
erating loan. The ending cash balance is positive, and 
much (but not all) of the operating loan has been paid 
off over the course of the year. 


RECONCILING FINANCIAL 
STATEMENTS 

The financial statements developed each year must be 
reconciled with each other. This type of balance and 
check system will uncover errors in calculations and 
will allow the business owner or manager to examine 
the business in greater detail. 


RECORD-KEEPING 

The financial indicators discussed in this chapter 
are all calculated from information available on 
farm inventory records (discussed in Chapter 2), the 
balance sheet and income statements (records for 
these are discussed in Chapter 11), and the cash flow 
budget (records for these are discussed in Chapter 12). 
A spreadsheet that lists the indicators as calculated for 
each year should be maintained. Such a spreadsheet 
provides an easy method of tracking performance of 
the business over time from the various perspectives 
measured by each set of indicators. These can be 
used to develop graphs and trend lines that facilitate 
viewing changes over time. 

PRACTICAL APPLICATION 

Table 4.8 illustrates a practical application of the use 
of financial indicators over time to make decisions. 
Year 1 is the year demonstrated for the example farm 
of 256 acres. Values are taken from the balance sheet 
in Chapter 11 (Table 11.1) and from Table 4.4 of this 
chapter. 

These tables were based on an average price of 
$0.70/lb, listed in the column labeled as Year 1. Year 
2 represents a condition of economic downturn during 
which price falls to $0.60/lb, and land prices begin to 
decline also. The fall in catfish prices results in a de¬ 
cline in current assets on the balance sheet while the 
fall in land prices results in a decline in noncurrent 
assets. Thus, the value of total assets also falls. If the 
farmer’s bank agrees to forego principal payments on 
the loan, in response to the economic downturn and 
falling prices, then noncurrent liabilities will remain 
the same. However, a farm business in this condition 


Table 4.7. Cash Flow Risk Measures (Calculated From Tables 11.1, 11.2, and 12.3). 


Measure 

Calculation 

Unit 

Farm value 

Cash flow risk 

Operating cash flow* H- current liabilities 
($49,499 H- $110,584) 

$ 

0.45 


Operating cash flow H- total liabilities 
($49,499 H- $534,214) 

$ 

0.009 


Operating cash flow H- largest short-term 
credit balance ($49,499 -j- $188,036) 

$ 

0.26 

Ending cash balance 


$ 

1,000 

Ending operating loan balance 


$ 

25,830 


* Operating cash flow = net income + depreciation — withdrawals — increase in accounts receivable — increase in inventories + increase in accounts 
payable + increase in accrued liabilities. 
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Table 4.8. Practical Application of Use of Financial Indicators, 256-acre Catfish Farm. Values 
Taken From Table 11.1 in This Volume. 


Balance sheet category 

Year 1 

Year 2 

Year 3 

Assets 

Current 

$281,961 

$228,096 

$228,096 

Noncurrent 

$1,003,890 

$889,170 

$889,170 

Total 

$1,285,851 

$1,117,266 

$1,117,266 

Liabilities 

Current 

$110,584 

$187,993 

$319,588 

Noncurrent 

$423,630 

$423,630 

$423,630 

Total 

$534,214 

$611,623 

$743,218 

Net worth 

$751,637 

505,643 

$374,048 

Debt/asset ratio 

0.42 

0.55 

0.67 

Current ratio 

2.55 

1.21 

0.71 


likely will need to increase the amount of operating 
capital borrowed because the reduced revenue results 
in lower levels of cash inflow. The increased borrow¬ 
ing causes current liabilities to increase. The overall 
result is a decline in net worth (although net worth is 
still positive), an increase in the debt/asset ratio, and a 
decrease in the current ratio. A full assessment of these 
indicators shows that the business, while not profitable 
that year and with a decline in net worth, still has ade¬ 
quate liquidity (as evidenced by a current ratio greater 
than 1). Its debt/asset ratio is still acceptable. 

If the economic downturn continues into Year 3, 
the financial condition of the business becomes much 
worse, even if catfish and land prices stabilize. In such 
a scenario, current, noncurrent, and total assets do not 
change in Year 3. However, the lower revenue levels 
continue to make payments on long-term debt diffi¬ 
cult. Additional operating capital borrowed results in 
further declines in net worth, a continued increase in 
the debt/asset ratio, and further declines in the current 
ratio. Net worth remains positive; thus the farm con¬ 
tinues to be solvent. The debt/asset ratio, while higher, 
remains below 1 and is still manageable. However, the 
current ratio has grown to exceed 1.0. Thus, this busi¬ 
ness will have liquidity problems in Year 3 that will 
have to be addressed. An increase in prices in Year 3 
would begin to bring these values back into line. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Sotorrio (2002) developed a model of the most relevant 
economic and financial indicators to analyze the eco¬ 
nomic performance of a finfish mariculture business. 


This model was then used to develop a case study 
related to the Spanish market for the finfish produced. 

Profitability was the indicator used for success. Bal¬ 
ance sheet and income statement data were collected 
from 16 Spanish mariculture companies over a 3-year 
period. These companies included 10 firms that were 
in growout production only, 1 firm that was exclusively 
a hatchery, and 5 firms that had both growout facilities 
and hatcheries. 

Results showed that production efficiency and the 
learning curve of beginning a business based on new 
technology explained the majority of the profits or 
losses in the businesses. The use of farm financial in¬ 
dicators showed the effect of technological efficiency 
improvements necessary for businesses to be profitable 
and measured the effect of adoption of new technolo¬ 
gies. The analysis also showed the high risk in mari¬ 
culture businesses that result from fluctuating supply, 
market prices, and farm revenue. The financial indi¬ 
cators also measured the improvement in efficiency 
over time due to the learning curve for mariculture 
companies. 

The companies studied were rarely profitable in the 
first few years. The availability of financial indica¬ 
tors for each year demonstrated the number of years 
required for the firm, its management, and its work¬ 
force to learn, adapt, and become proficient with the 
technologies necessary for a successful mariculture 
business. 

SUMMARY 

This chapter presents a set of financial indicators that 
can be used to develop a detailed assessment of the 
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performance of an aquaculture business. These indi¬ 
cators can be tedious to calculate and can also be con¬ 
fusing due to the number of different possible indica¬ 
tors. Yet, the size of many aquaculture businesses and 
the amount of capital invested requires the manager 
to pay this level of attention to detailed analysis to be 
successful. 

REVIEW QUESTIONS 

1. Describe some of the most critical indicators of 
production efficiency on an aquaculture farm. 

2. Give three examples of indicators of input use effi¬ 
ciency and explain what each indicator measures. 

3. Explain the difference between the ROA and the 
ROE. 

4. Describe how to apportion net farm income among 
capital, labor, and management and what value 
these have for management decisions. 

5. Define solvency and explain its importance in fi¬ 
nancial analysis of aquaculture businesses. 


6. Explain how changes in net worth should be used 
to assess the financial condition of the business. 

7. Contrast the debt/asset, equity/asset, and debt/ eq¬ 
uity ratios in terms of how they are calculated, 
how they are related, and what they indicate about 
the aquaculture business. 

8. Explain the importance of liquidity, describe three 
common methods to calculate liquidity, and ex¬ 
plain how each is interpreted. 

9. What two financial statements can be used to eval¬ 
uate liquidity? 

10. Describe two measures of repayment capacity. 
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INTRODUCTION 

Financing has been difficult for many aquaculture busi¬ 
nesses. This is primarily because aquaculture has been 
considered a risky enterprise by many lenders. As a 
consequence, interest rates on aquaculture loans have 
tended to be higher and terms of lending more strin¬ 
gent than for other types of loans. Conventional loans 
may not be available at all for aquaculture businesses 
in some areas because lenders are too uncomfortable 
with the business. A lender who does not understand 
the production system, expected patterns of cash flow 
and price fluctuations will tend to be unwilling to ex¬ 
tend credit without a substantial level of financial se¬ 
curity to back up the loan. 

This chapter discusses lending to aquaculture busi¬ 
nesses from the lender’s perspective, financial char¬ 
acteristics of borrowers and their behavior, credit re¬ 
serves, and credit capacity. Credit problems faced by 
small-scale aquaculture growers in developing coun¬ 
tries are also discussed. Chapter 14 presents informa¬ 
tion related to the mechanics of structuring loan pay¬ 
ments and discusses various types of loans and terms 
of lending. 

Lending From the Bankers’ 
Perspective 

A bank is a private, commercial business with the goal 
of making a profit, just as an aquaculture business is 
developed to make a profit. Banks approve loans to 
earn money from the interest charged. Interest is the 
“cost” of money to the borrower, but to the banker, the 
interest rate is the "price” charged for the resource and 
service provided by making capital available to other 
businesses. 
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A bank obtains its profit over time as loans are paid 
back. The risk that the capital loaned out will not be 
returned in its entirety constitutes a substantial risk 
for the bank. A loan made to a risky business ven¬ 
ture will put the bank’s capital at risk also. Successful 
banks must put safeguards in place to minimize the 
risk of losing their capital. As a bank’s capital is re¬ 
duced by defaulted loans, the bank must draw upon its 
reserves to maintain adequate liquidity. Without ade¬ 
quate capital reserves, the bank will fail and go out of 
business. 

While the borrower benefits directly from any profits 
obtained as a result of a loan, the lender does not. The 
lender's "profit” or returns are restricted to the interest 
payments that are specified in the loan agreement. The 
lender may benefit indirectly if the borrower’s business 
grows over time and its financing needs increase. 

A Bank’s Business 

Banks, like aquaculture farms, are businesses. They 
operate for the purpose of generating profits to dis¬ 
tribute to their stockholders. Just as aquaculture farm 
businesses must account for risk, a bank business must 
also manage its business with respect to risk and liq¬ 
uidity. 

Banks manage their capital resources (financial as¬ 
sets) in a number of different ways. First, banks must 
maintain a certain amount of capital in the form of 
reserves. Secondly, capital is used to extend loans and 
to make investments. Additional capital is used to pro¬ 
vide services to its customers. Capital is also used 
to pay dividends to stockholders and to pay income 
taxes. 

A bank’s loan portfolio can include a variety of types 
of loans that may include commercial and industrial, 
agricultural, consumer, and real estate loans. Extend¬ 
ing loans results in greater profits, but lending also 
entails the greatest risk and reduces bank liquidity. 
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Commercial banks must maintain a high degree of 
liquidity in their asset structure. The loan portfolio is 
typically a major part of the asset structure of a bank. 


EQUITY VERSUS DEBT 

Not all capital for aquaculture businesses is obtained 
from traditional lenders. Some agricultural operations 
also obtain capital in the form of outside equity. Equity 
capital in agriculture has been obtained mostly from 
retained earnings from the business, inheritances, and 
gifts. However, equity capital can be obtained in other 
ways. Partnerships, joint ventures, and family corpora¬ 
tions can be used to pool capital and provide a source 
of equity capital. Some equity capital can be available 
from outside investors seeking to shelter high nonfarm 
income from taxes. 

Limited partnerships have been used as a way to pro¬ 
vide equity capital in some types of agricultural oper¬ 
ations, particularly cattle feedlot operations. However, 
such a source of capital can be withdrawn as easily as it 
is made available. In such an arrangement, the investor 
incurs risk associated with limited opportunities to sell 
out their financial interest in the farm business. 

Because new equity must come from either the cur¬ 
rent owners or new investors, it is important to under¬ 
stand the costs involved. Current owners can provide 
equity capital through investing the earnings or profits 
from the business back into the business or by in¬ 
vesting capital earned through other sources. Outside 
equity capital can be obtained by adding partners to 
the business. 

Investing the profits from the business back into 
the business also represents a cost to the business, 
despite the fact that there is no definite repayment 
schedule. The cost of reinvesting retained earnings is 
a type of opportunity cost that has been referred to 
as the required rate of return to compensate for the 
investment options that are forfeited. In addition, if 
the risk associated with the aquaculture business is 
greater than that of other investment opportunities, the 
opportunity cost is greater. 

The cost of obtaining outside capital for the farm is 
related to the rate of return that would be necessary to 
attract it. In other words, the rate of return from the 
aquaculture business will need to exceed that of other 
types of investment opportunities to attract investors. 

Equity capital frequently ends up being more expen¬ 
sive (after taxes) than debt capital. This is particularly 
so when the cost of retained earnings is considered, as 
it should be in a complete analysis. 


The costs of debt capital include the interest paid 
along with any loan settlement costs. Loan settlement 
costs can include points charged at the initiation of the 
loan, any transactions fees, fees for credit reports, and 
any insurance premiums that are required. This cost is 
the difference between the funds that are received by 
the borrower and the total funds used to close out the 
loan. 


LENDER PREFERENCES 

Different types of lenders will have different prefer¬ 
ences for various types of lending terms. High-risk 
loans are often less preferred and will deplete credit 
rapidly. High-risk loans frequently have low loan limits 
to restrict the overall extent of losses. High manage¬ 
ment ability is also preferred by lenders. Highly skilled 
and experienced management increases the likelihood 
of repaying loans in a timely manner. 

Lenders tend to prefer loans that are self-liquidating 
and that generate assets. Self-liquidating loans are 
those for which the loan is paid off with the income 
generated by the equipment or other uses of the capital 
before the new piece of equipment wears out. These 
are considered to be loans with lower levels of risk. If 
the loan matures earlier than can be paid from the in¬ 
come generated by the asset acquired by the capital, 
income from other sources may need to be used to 
make the payments. Crop inputs such as fingerlings 
and fertilizer typically mature when the foodfish are 
sold, but machinery and equipment may have loans that 
mature sooner than the number of years over which the 
piece of equipment will be used. 

An asset-generating loan is one used to acquire cap¬ 
ital goods such as equipment, ponds, or land that result 
in an increased value of assets in the aquaculture busi¬ 
ness. As the value of assets in the business increases, 
these assets can be used as collateral in the future. 

Lenders consider loans that are both asset¬ 
generating and self-liquidating as most preferable. 
Those that are asset-generating but not self-liquidating 
and those that are self-liquidating but do not generate 
assets are of medium preference by lenders. Those 
that are neither self-liquidating nor asset-generating 
are not preferred by lenders and are much less likely 
to be approved. 

The lender may prefer a loan length that is shorter 
than the economic life expectancy of the asset being 
financed. On the other hand, the borrower might prefer 
a longer length of the loan. Open discussion may be 
necessary to work out an acceptable loan agreement. 
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EXPECTATIONS OF BANK 
REGULATORS ON LENDING 
PRACTICES 

Banks are regulated in different manners and by differ¬ 
ent agencies depending upon the type of charter under 
which they operate. State-chartered banks are regu¬ 
lated by individual state banking commissions whereas 
federally chartered banks are regulated by the Federal 
Deposit Insurance Corporation. Regulatory agencies 
and the laws that govern them were created to ensure a 
safe and stable financial sector. Bank regulations spec¬ 
ify the extent of capital reserves, lending limits, and 
deposit insurance that each bank must maintain. The 
relevant regulatory agencies have authority to audit 
and conduct examinations of banks to ensure compli¬ 
ance with all relevant regulations. Those who conduct 
the audits are termed as examiners. Bank examiners 
have guidelines for the adequacy of capital, liquidity, 
and asset quality that are used each time the examiner 
inspects the bank. 

Each bank is required to maintain certain levels of 
reserves to ensure that the bank is operating with ade¬ 
quate liquidity. While the level of reserves varies due to 
their charter and the relevant regulations, required re¬ 
serves frequently are approximately 3% of transaction 
balances. The Federal Deposit Insurance Corporation 
Improvement Act of 1991 set standards for the ade¬ 
quacy of a bank’s capital. This guideline differentiates 
between banks with different types of asset risk and 
divides a bank’s capital into different categories. Re¬ 
quired capital for each bank is based on percentages 
for each type of capital as well as total capital. 

When a loan is not viable and the lender is forced to 
declare bankruptcy, the bank risks losing some portion 
of the principal that had been loaned out. Banks must 
cover this portion by transferring reserves to cover the 
loss. When reserves are transferred, the dollar amount 
that the bank can lend is also reduced. Thus, absorbing 
loan losses reduces the volume of business that can be 
conducted by the bank because it loses reserves as a 
consequence. 

The amount that a bank can lend to any one individ¬ 
ual varies with the amount of equity capital owned by 
the bank. Banks with national charters have loan lim¬ 
its that must be less than 15% of the bank’s net worth 
unless the loan is secured by collateral that can be mar¬ 
keted readily. Loan limits of state-chartered banks are 
variable based on state regulations. 

Many agricultural banks are small, rural banks. 
Their small size is reflected in lower amounts of re¬ 
serves. Thus, agricultural banks frequently find it more 


difficult to grant large agricultural loans. Some small 
agricultural banks develop relationships with other 
lenders to meet the lending requirements of larger cus¬ 
tomers. 

FINANCIAL CHARACTERISTICS OF 
BORROWERS AND SAVERS 

The need to borrow capital is related to the level and 
rate of savings of the farm owner and manager. Dif¬ 
ferent reasons exist for savings. Seasons of the year in 
which farm sales are prevalent result in positive cash 
flows that can be a source of savings. Savings can be 
used for investments that produce an adequate finan¬ 
cial yield at an acceptable level of risk. The decision 
to save earnings from the farm can be used to develop 
cash reserves that will be available to the farm business 
during times of adverse conditions. 

Some individuals who save do so to accumulate 
wealth. Accumulated wealth can be used to generate 
higher earnings in later years. 

Borrowing by farmers has increased over time as 
the total investment per farm has increased. In partic¬ 
ular, investment in farm cooperatives, real estate, and 
equipment has increased substantially. Farmers have 
increasingly turned to debt to finance business growth. 
Overall, the size of the loans and the size of the repay¬ 
ments required for farmers have increased over time. 

For farmers to borrow funds, individuals who save 
funds must be willing to allow them to be used for 
farm loans. Financial intermediaries, such as tradi¬ 
tional lenders and federal agencies have developed 
programs to provide some guarantees that reduce the 
risk exposure of savers’ investment funds to the risks 
inherent in farm lending. These guarantees include 
those from the Federal Deposit Insurance Corpora¬ 
tion, the Federal Housing Administration, Small Busi¬ 
ness Administration, Veterans Administration loans, 
and the Farm Credit System. Financial intermediaries 
can spread the risk of loans over broader areas and 
numbers of borrowers. The federal Farm Credit Sys¬ 
tem, for example, can sell securities in national finan¬ 
cial markets. 

SOURCES OF LOAN FUNDS 

There are a number of different sources of loan funds 
that can be used by aquaculture businesses. The major 
source of loan funds for agriculture is from commer¬ 
cial banks. Many of those are rural agricultural banks. 
Commercial banks are a major source of operating cap¬ 
ital as well as some real estate loans. Smaller banks, 
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without the reserves that enable them to grant loans to 
larger farms, can develop an arrangement for a corre¬ 
spondent bank to supply loans to larger customers. 

The Farm Credit System has been a major source of 
capital for aquaculture in the United States. It obtains 
funds through the sale of bonds and notes. Four re¬ 
gional Farm Credit Banks and one Agricultural Credit 
Bank provide loan funds to local associations. These 
loans can be used for noncurrent loans for livestock, 
machinery, buildings, and land. Some operating capital 
loans are also made by the Farm Credit System. 

The Farm Service Agency of the U.S. Department 
of Agriculture has been an important player in credit 
for U.S. aquaculture by providing guarantees to com¬ 
mercial banks for agricultural loans. These guarantees 
have encouraged private banks to grant loans to fish 
farmers. With a guaranteed loan, the FSA guarantees 
up to 95% repayment if the borrower defaults on the 
loan. 

Farm supply companies have also been a source of 
operating capital for fish farms in the United States. 
Some of these types of operating loans are tied to 
purchases of feed or to contracts to supply fish to a 
processing plant. 


ESTABLISHING AND DEVELOPING 
CREDIT 

Why should a lender approve a loan application? A 
bank is not a charitable organization, but a for-profit 
business. The burden to prove that the borrower will 
repay the loan with interest in a timely manner is on the 
prospective borrower. Individuals that have a demon¬ 
strated history of timely repayment of loans will likely 
find it easier to obtain credit, borrow greater amounts 
of capital, and perhaps obtain more favorable terms of 
lending. 

Key factors involved in establishing and developing 
credit include the character of the individual, demon¬ 
strated management ability, financial position as evi¬ 
denced by the balance sheet, repayment capacity, the 
purpose of the loan, and the amount of collateral avail¬ 
able to secure the loan. Banks weight these various fac¬ 
tors differently, but most banks consider all the above 
factors to one degree or another. 

The personal integrity of the prospective borrower is 
an important characteristic. A reputation as an honest 
businessperson will help to convince the lender that 
the estimated values in the business loan proposal are 
accurate. 


Aquaculture businesses are management-intensive 
and require skilled management. Clear evidence of 
management experience of either the owner or the 
hired manager is key to a successful loan application. 
Established farmers will have records to demonstrate 
their management expertise. 

The balance sheet indicates the financial strength 
or weakness of the borrower. Some lenders view the 
balance sheet as the most important financial state¬ 
ment because it shows the degree of leveraging of 
the business and the availability of collateral to use to 
secure new loans. The financial position of the business 
also indicates whether the net worth of the business has 
grown over time. Steady growth of the business reflects 
positively on the management and financial position of 
the business. 

The lender is concerned primarily with repayment 
of the loan. Thus, the borrower must demonstrate ad¬ 
equate liquidity and a favorable cash position. A de¬ 
tailed cash flow budget will demonstrate clearly the 
ability of the business to repay new loans that are pro¬ 
posed. 

Self-liquidating loans frequently are financed more 
easily than other types of loans. This is because the loan 
can be repaid from the sale of the crop or livestock 
financed by the loan. Loans used to acquire capital 
assets may require additional collateral because these 
assets are not typically sold themselves to generate 
revenue. 

Land is one of the more frequently used types of 
collateral for aquaculture businesses. Buildings, equip¬ 
ment, and, occasionally inventory of livestock can also 
be used as collateral. Award of the loan should be 
based on clear evidence that the loan payments can be 
made from revenue from the farm rather than collat¬ 
eral. However, lenders ask for collateral to cover the 
risk of unexpected adverse conditions that may result 
in default of the loan. In aquaculture, personal assets 
such as a home have been used as collateral. 


Borrowing Behavior 

The capacity to borrow funds can be turned into bor¬ 
rowing behavior or it can be held as a reserve for future 
borrowing as needed. The decision as to whether to 
borrow the maximum that a lender’s criteria will allow 
or to borrow some lower amount and reserve the ca¬ 
pacity to borrow for some other purpose in the future 
should be based on the relative profitability of the al¬ 
ternatives. The level that constitutes the maximum an 
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individual can borrow is based on the credit worthiness 
of the borrower. 

The value to an individual of holding credit in re¬ 
serve rather than borrowing the maximum will vary 
with the level of risk aversion of the individual and the 
strategies undertaken on the farm to manage risk (see 
Chapter 16 for a more complete discussion of risk and 
Chapter 8 for more discussion on managing risk on 
aquaculture farms). 

Credit Capacity and Credit Reserves 

Credit reserves refer to additional borrowing that a 
farmer likely would be able to obtain if desired. At 
any point in time, one or more lenders may be willing 
to loan additional funds to a firm or individual bor¬ 
rower to finance transactions. Credit reserves exist on 
farms that have not borrowed the maximum amount 
calculated by the lender when determining the credit 
worthiness of the individual. The credit worthiness will 
vary with the profitability of the business, the individ¬ 
ual’s balance sheet, net worth, and assets available for 
use as collateral, as well as the individual’s demon¬ 
strated management skill. The maximum amount that 
can be borrowed will also fluctuate with overall trends 
of national and international economies. 

The availability of credit reserves is particularly im¬ 
portant when the farm faces adverse conditions. Eco¬ 
nomic downturns may result in lower prices and rev¬ 
enue for the farm or conditions may occur that result 
in increases in prices of key inputs such as feed. Dur¬ 
ing these times of economic adversity, the cash flow 
of the farm business may suffer and credit reserves 
may be accessed to increase borrowing of operating 
capital. Alternatively, credit reserves may be used to 
refinance loans, defer loan payments, or carry over or 
extend loan maturity dates. Credit reserves can play an 
important role in managing the debt on the farm, par¬ 
ticularly during times of adverse financial conditions. 

Holding credit reserves means that the farm is not 
using all its potential for borrowing. Credit is an excel¬ 
lent source of liquidity and, if holding credit reserves 
results in levels of liquidity that are lower than opti¬ 
mal, the wise decision may be to increase liquidity by 
taking advantage of the credit reserves and borrowing 
additional funds. However, maintaining only low lev¬ 
els of credit reserves increases financial risk because 
there is little to draw upon during difficult economic 
times. Moreover, greater control of the business is ex¬ 
ercised by lenders when the business has a high degree 
of debt. 


Determinants of Credit 

The availability of credit is a complex phenomenon 
that is influenced by characteristics of the particular 
lender as well as trends in financial markets. Lenders 
seek profit and prefer higher rates of return earned over 
a shorter period because risks typically are less and 
more clear over shorter time periods. Lenders must also 
maintain a high degree of liquidity in their business. 
This may result in banks preferring shorter loans that 
may be less than the economic life of the asset. 

Current trends in the macroeconomy will influence 
the availability of credit. Current national fiscal and 
monetary policies and international trade conditions 
will affect credit conditions. The financial condition of 
the marketplace will affect the availability and the cost 
of credit. Monetary and fiscal policies, inflation rates, 
the overall national money supply, and the aggregate 
national economic performance will have an effect on 
the availability of credit. 

Financial conditions of the individual bank will af¬ 
fect how readily it will make loan funds available. The 
profitability of the bank, its loan loss rate, the rate of 
loan delinquency, and its size will all affect the amount 
of capital to be loaned. Each bank will also be affected 
by its size, costs, and the particular legal and regula¬ 
tory environment within which it operates. The bank’s 
personnel and board of directors will have an impact 
on the policies established by each bank. 

Finally, financial conditions of the borrower’s busi¬ 
ness will affect the extent to which loan funds will be 
directed toward it. Overall profitability of the indus¬ 
try, effects of international trade conditions, key input 
price trends, and other factors will affect the repayment 
capacity of the industry. The aggregate profit prospects 
for farm commodities as a whole, changes in the value 
of farmland and resources, international trade condi¬ 
tions that specifically affect the borrower’s business, 
and how government farm programs are expected to 
affect the business will impact the availability of credit. 

Credit Evaluation 

Lenders evaluate the credit level of prospective bor¬ 
rowers in various ways. Some are mostly subjective 
and informal while others have more formal credit 
scoring methods. The purpose of a credit evaluation 
is to identify the borrower’s credit worthiness and by 
doing so to measure the credit risk. Credit evaluation 
is used to compare good and poor credit risks to de¬ 
cide which loans to approve and which to reject. In 
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some cases, interest rates charged may depend upon 
the credit evaluation or if any specific monitoring sys¬ 
tem needs to be put in place. 

The credit worthiness of the individual borrower is 
the lender’s evaluation of the profitability and the risks 
associated with lending to an individual borrower. The 
evaluation of a borrower’s credit worthiness is based 
on the evidence presented by the borrower to assure 
the lender that lending risks will be minimal and that 
debt servicing will meet the terms of the loan contract. 

Credit scoring has been used commonly in consumer 
lending. To develop a credit score, key characteristics 
are identified and then assigned a weighting factor. 
The weighted averages of these characteristics are then 
summed to generate a credit score. The credit charac¬ 
teristics frequently include the estimated profitability 
of the business, the projected liquidity of the business 
(current ratio), solvency of the business (debt/equity 
ratio), the collateral position (ratio of the maximum 
loan balance to assets pledged as security), and loan 
repayment capacity (debt-servicing ratio). The credit 
score will change over time as the values of each char¬ 
acteristic change for the business. The assets (both 
quantity and quality) available for security for the loan, 
repayment and income expectations, and other finan¬ 
cial management practices of the borrower will affect 
one’s credit profile and score. 

SOLVENCY 

Solvency of a business is a key measure of the finan¬ 
cial strength or weakness of the business. A solvent 
business is one that, if the business were to be sold, the 
value of the assets sold would exceed the value of the 
liabilities, and all debts would be paid in full. 

The overall financial structure of the business affects 
the level of financial risk involved. There are various 
measures available to monitor the use of capital and 
credit in the farm business. Chapter 4 presents details 
of how to calculate a variety of different financial ratios 
that provide measures of the solvency of the business. 
One of the more important measures is the debt to 
equity ratio that is calculated from the balance sheet. 
Coverage ratios, such as the interest coverage ratio, 
are calculated from the income statement that relates 
the returns to assets from the business to the debt 
obligations. 

FINANCING CURRENT ASSETS 

The majority of current assets in aquaculture are op¬ 
erating inputs. These inputs of feed, fuel, labor, etc.. 


typically are not carried over into the next year. Operat¬ 
ing inputs typically do not constitute collateral because 
they are not easily sold. Thus, the borrower frequently 
must use other sources of collateral for operating in¬ 
puts. The one exception in many forms of agricul¬ 
ture is that of livestock. Inventories of feeder livestock 
can be used as collateral for operating loans; however, 
swimming inventory of fish is rarely considered an ac¬ 
ceptable source of collateral for aquaculture operating 
loans. 

Financing current assets is a high-priority type of 
financing for a fish farmer. It is essential to have ad¬ 
equate capital to feed fish, and the capital must be 
approved and in hand when the feeding season is at 
hand. The most critical terms of lending for an op¬ 
erating loan are the loan maturity and the repayment 
schedule. Collateral and interest rates must also be 
planned carefully. 

To be a self-liquidating loan, the operating loan will 
need to be repaid from sales of the products that were 
financed from the operating loan. Payments on oper¬ 
ating loans typically are made with each shipment of 
fish delivered to the processing plant. 

FINANCING DEPRECIABLE ASSETS 

Depreciable assets primarily include equipment such 
as aerators, vehicles, feed wagons, and other types of 
equipment used on fish farms. Pieces of equipment are 
used over a number of years and are replaced either as 
they wear out or as new technology becomes available. 
Typically, replacement of equipment can be planned 
over a period of time to set up the financing in a way 
that the payments are scheduled when cash is readily 
available. 

For a loan to acquire a depreciable asset to be self- 
liquidating, the terms of lending (loan maturity and 
repayment schedule) should match the revenue that 
is produced by the asset. Some industries schedule 
equipment loans to match the depreciation of the as¬ 
sets. Most equipment loans have a loan maturity of 
5-7 years. 

FINANCING FIXED ASSETS 

Fixed assets in aquaculture include land, ponds, wells, 
office buildings, hatcheries, and grading sheds. Of 
these, land is the only nondepreciable asset. Thus, 
land is not used up in the production process. Real 
estate loans can have maturities that range from 15 to 
30 years. Payments of farm mortgages and other real 
estate loans are fixed payments. Fish farms that are 
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highly leveraged will have high levels of fixed loan 
payments that must be met. The need to make these 
payments reduces management flexibility, particularly 
during times when fish prices are low, or feed prices 
are high. During these times, it may be more profitable 
to reduce feeding and stocking rates; however, farms 
that are highly leveraged will need to continue to stock 
and feed at high rates to produce yields that will enable 
them to continue to meet the fixed loan repayments. 

SOURCES FOR LOAN REPAYMENT 

Real estate loans typically are repaid from retained 
earnings of the aquaculture business. A variety of 
sources can be drawn upon as sources of capital for 
loan repayment. Ideally, sources of funds for an operat¬ 
ing loan would come from cash that has been set aside 
to pay operating expenses. Equipment loans would be 
paid from cash set aside to account for depreciation 
while retained earnings (profits less income taxes and 
family withdrawals) frequently are used as the major 
source of funds to repay real estate loans. 

CREDIT PROBLEMS FACED BY 
SMALL-SCALE AQUACULTURE 
GROWERS IN DEVELOPING 
COUNTRIES 

Small-scale aquaculture growers in developing coun¬ 
tries face special problems related to acquiring suf¬ 
ficient credit to finance their businesses. Investment 
capital generally is a major obstacle to development 
of aquaculture businesses in developing countries 
(Hishamunda and Manning 2002). There are numer¬ 
ous factors that exacerbate the credit problems faced by 
small-scale aquaculture growers in developing coun¬ 
tries. 

Lack of collateral typically is one of the first obsta¬ 
cles to gaining access to credit. Small-scale growers 
frequently lack the level and types of assets consid¬ 
ered as acceptable collateral by banks. Land, homes, 
and other types of assets are preferred sources of collat¬ 
eral that often are not available for use by small-scale 
growers. 

Many developing countries contend with exces¬ 
sively high interest rates on loans. Interest rates of 
40-60% are not uncommon. Businesses that can suc¬ 
cessfully pay off loans at such high rates are very rare. 
The high interest rates can stem from unstable national 
economies that result in a risky financial market or re¬ 
strictive monetary policies and supply of money that 


result in very high costs of capital. High rates of default 
on loans also put upward pressure on interest rates. 

Many small-scale growers also lack the knowledge 
and skill required to prepare a proper business plan 
and loan proposal. Required information may not be 
readily available and the expertise to prepare financial 
statements properly may not be available. 

Group lending to small-scale growers has proven to 
be an innovative approach to overcome some of their 
obstacles. The Grameen Bank pioneered these efforts 
in the mid-1970s in Bangladesh (Grameen 2001). It 
loans to the poorest of the poor, to borrowers without 
collateral. By 2001, the Grameen Bank had grown to 
2.38 million borrowers lending $31 million a week 
in very small loans, with a repayment rate of 90%. 
The approach is based on peer pressure, small weekly 
repayments, and personal contact with borrowers. The 
concept has spread to 58 countries. 

In addition to group lending, village banks and sol¬ 
idarity groups have been used to counter the problems 
of collateral. The village bank receives one loan that 
is shared with all members. It must be repaid in full 
before it receives another. 

RECORD-KEEPING 

The aquaculture farm business should keep records 
of each proposal for a loan and the financial state¬ 
ments used to acquire the loan. Once the loan is ob¬ 
tained, records should include the history of debt ser¬ 
vicing that includes each payment made, the amount 
of the payment made on the principal, and the amount 
paid for interest. These records will assist the farmer 
when preparing other financial statements such as the 
balance sheet, income statement, and the cash flow 
budget. 

PRACTICAL APPLICATION 

This practical application is based on a 431 -acre catfish 
farm that is a startup farm that borrowed 65% of its 
real estate and equipment capital to enter the catfish 
business. In doing so, the pro forma income statement 
showed that the farm was profitable, but profit levels 
were relatively low. There was substantial financial 
risk generated by the low profit levels because any 
adverse economic conditions such as unexpectedly low 
prices or disease problems would result in losses. The 
losses would also create cash flow problems that would 
make it difficult to meet debt-servicing requirements. 

In consultation with extension personnel and re¬ 
viewing the latest research results, it became apparent 
that this farm had entered business with too few 
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aerators. Research had shown that by doubling the 
aeration capacity of the farm from 1 to 2 hp/acre total 
yield of catfish would increase. This would result in 
increased revenues and profits. The increased revenues 
would further improve cash flow of the business and 
reduce the risk associated with meeting debt-servicing 
obligations. 

Acquiring an additional 10-hp aerator for each of the 
farm’s 43 ponds would require an additional equipment 
loan of $150,500. To apply for the loan would require 
an analysis of the financial structure and position of 
the business. 

The 431 -acre farm’s balance sheet showed adequate, 
although low, liquidity with a current ratio of 1.13 
(Table 5.1). Working capital was $21,275, low for this 


Table 5.1. Catfish Farm Balance Sheet, 
431-acre Farm, End-of-Year. 


Category 

Value 

Assets 

1. Current assets 

Cash on deposit 

$31,000 

Fish inventory 

$150,000 

Total current assets 

$181,000 

2. Noncurrent assets 

Equipment 

$606,035 

Ponds 

$602,538 

Wells 

$81,000 

Land 

354,282 

Total noncurrent assets 

$1,643,855 

3. Total assets 

$1,824,855 

Liabilities 

4. Current liabilities 

Payments on debt due and payable 
over next year 

Equipment 

$80,914 

Real estate 

$78,811 

Total current liabilities 

$159,725 

5. Noncurrent liabilities 

Equipment loan 

$393,923 

Real estate loan 

$674,583 

Total noncurrent liabilities 

$1,068,506 

6. Total liabilities 

$1,228,231 

7. Net worth 

$596,624 

Current ratio (1/4) 

1.13 

Working capital (1^1) 

$21,275 

Equity/asset ratio (7/3) 

0.33 

Debt/asset ratio (6/3) 

0.67 

Debt/equity ratio (6/7) 

2.06 

Debt structure (4/6) 

0.13 


size of farm. However, the debt/asset ratio was 0.67 
and the debt/equity ratio was 2.06. The equity/asset 
ratio was 0.33. The debt structure was 0.13, indicating 
that the majority of the debt was in the long-term debt 
associated with the real estate and equipment loans. In 
conclusion, the farm’s balance sheet does not show ad¬ 
equate equity to support additional borrowing. Long¬ 
term borrowing already shows levels that would be 
deemed unacceptable to the lender. Increasing debt¬ 
servicing requirements would decrease working capi¬ 
tal and increase financial risk to unacceptable levels. 

The owner of the farm has a relative who has been 
in the catfish business for many years. This relative 
constructed his own ponds over the previous 20 years 
and has no outstanding debt related to its real estate. 
The relative’s farm also owns all the equipment on his 
farm. The equipment was financed with retained earn¬ 
ings from the farm business. Thus, the debt obligations 
of the relative’s business are low. In conversations over 
the difficulties of developing a fish farming business 
with high levels of debt financing, the two farmers de¬ 
cide to merge their farming businesses into one busi¬ 
ness. They believe that they will achieve economies 
of scale and improve overall production efficiencies. 
However, both farms, once merged, will need to in¬ 
crease aeration levels to 2 hp/acre. This will require 
$301,000 in capital that the owners believe will need 
to come from debt capital. 

Table 5.2 presents the revised balance sheet for the 
now-merged farm business. The new equipment loan 
of $301,000 has been added to the noncurrent liabilities 
and the annual payment for the new loan has been 
added to current liabilities. Noncurrent assets have also 
been increased by $301,000 to account for the new 
aerators that have been acquired. 

The overall financial position of the merged busi¬ 
ness, even with the new equipment loan for the aera¬ 
tors, has improved considerably. The current ratio has 
improved to 1.63 and working capital has increased 
to $140,448. These liquidity measures show a reduc¬ 
tion in financial risk associated with the business’ cash 
flow position. The equity/asset ratio has increased to 
0.60, the debt/asset ratio has decreased to 0.40, and 
the debt/equity ratio has decreased to 0.67. The debt 
structure shows little change; much of the debt still re¬ 
mains in longer-term debt. However, the liquidity has 
improved substantially and the longer-term financial 
indicators are within acceptable ranges. These ranges 
will likely be viewed as acceptable levels of risk to 
the lender. Thus, the merger has created a financial 
position for the business that is likelier to result in 
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Table 5.2. Catfish Farm Balance Sheet, 
862-acre Merged Farm, Including New 
Equipment Loan to Expand Aeration Rates to 
2 hp/acre, End-of-Year. 


Category 

Value 

Assets 

1. Current assets 

Cash on deposit 

$62,000 

Fish inventory 

$300,000 

Total current assets 

$362,000 

2. Noncurrent assets 

Equipment 

$1,513,070 

Ponds 

$1,205,076 

Wells 

$162,000 

Land 

708,564 

Total noncurrent assets 

$3,588,710 

3. Total assets 

$3,950,710 

Liabilities 

4. Current liabilities 

Payments on debt due and payable 
over next year 

Equipment 

$142,741 

Real estate 

$78,811 

Total current liabilities 

$221,552 

5. Noncurrent liabilities 

Equipment loan 

$694,923 

Real estate loan 

$674,583 

Total noncurrent liabilities 

$1,369,506 

6. Total liabilities 

$1,591,058 

7. Net worth 

$2,359,652 

Current ratio (1/4) 

1.63 

Working capital (1-4) 

$140,448 

Equity/asset ratio (7/3) 

0.60 

Debt/asset ratio (6/3) 

0.40 

Debt/equity ratio (6/7) 

0.67 

Debt structure (4/6) 

0.14 


favorable consideration by a lender. The addition of 
the aerators should result in greater profits and rev¬ 
enue for the business. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Analysis of the financing requirements and repayment 
feasibility is vital to adequate planning for success¬ 
ful aquaculture businesses of all types. Pomeroy et al. 
(2004) analyzed the financial feasibility of aquacul¬ 
ture cage businesses for two species of grouper. The 
analysis showed that, overall, cage culture of grouper 


is financially feasible. However, financing of the busi¬ 
nesses is likely to be difficult, particularly on a small 
scale. This is because the capital required for the vari¬ 
ous stages of production (broodstock, hatchery, or ver¬ 
tically integrated systems) exceeds the borrowing ca¬ 
pacity of small-scale producers. Loans would likely 
be necessary for growout production, particularly for 
small-scale farmers. However, the analysis of cash flow 
demonstrated that the loans could be repaid within one 
year of production. 

SUMMARY 

This chapter has described lending primarily from the 
perspective of the lender. Commercial banks are for- 
profit companies that seek to provide capital to others 
for a fee (interest rate). Success in obtaining loans is 
higher when the prospective borrower understands the 
perspective of the lender and requirements of the bank. 
Each bank is limited in the amount of loans that can be 
made and in the size of individual loans. These limits 
are related to the reserves maintained by the bank. 
Loan defaults require the banks to spend reserves to 
cover the losses, thus reducing the overall amount of 
reserves and the amount of loans that can be made 
against those reserves. 

Banks use various methods to evaluate the credit 
worthiness and credit capacity of prospective borrow¬ 
ers. However, whether an individual bank uses a for¬ 
mal or more subjective process of evaluating credit, 
the potential profitability, the repayment capacity, the 
amount of assets available for use as collateral, the 
management expertise of the owner, and the owner’s 
previous history in business will typically influence 
the decision of whether to grant the loan. 

Ideal loans are self-liquidating and asset-generating. 
Current, depreciable, and fixed assets have different 
characteristics that require various adaptations to be 
self-liquidating. Moreover, limits imposed by bank ex¬ 
aminers on lenders may result in a lender encouraging 
borrowers to agree to lending terms that result in a 
loan that is not self-liquidating. Careful analysis is re¬ 
quired of the various alternatives associated not only 
with terms of lending, but with the type of lender, with 
definitions of credit capacity, and with the types of 
assets to be financed. 

REVIEW QUESTIONS 

1. Contrast the difference in perspective of the lender 
from that of the borrower. 
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2. What is a self-liquidating loan? Provide an aqua¬ 
culture example. 

3. What is an asset-generating loan? Provide an ex¬ 
ample from aquaculture. 

4. Describe differences in characteristics of borrow¬ 
ers and savers. 

5. What are credit capacity and credit reserves? De¬ 
scribe why these are important and under what 
conditions they may vary. 

6. List several determinants of credit. 

7. Contrast several different types of maj or lenders to 
aquaculture in terms of their charters, limitations 
on lending, and how different types of lenders are 
regulated. 

8. Contrast the differences in financing current, de¬ 
preciable, and fixed assets. 


9. Describe several sources of loan repayment 
funds. 

10. Describe how a new, young farmer can establish 
and develop credit for the business. 
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INTRODUCTION 

Cash flow problems result in more aquaculture busi¬ 
nesses’ failure than any other problems. Managing 
cash flow adequately and properly can make a dif¬ 
ference between the success and failure of a business. 
Liquidity is a financial concept that is linked closely 
with cash flow. It refers to whether the business will 
have the cash when needed to make its payments. Cash 
flow is a strong measure of liquidity. 

A balance sheet can provide some limited indication 
of liquidity in the farm business through calculating the 
current ratio and level of working capital. However, the 
balance sheet summarizes the values of all current as¬ 
sets and liabilities over the course of the year. If loan 
payments are due in the early part of the year but fish 
are not sold until later in the year, there will be a liquid¬ 
ity problem that will not be evident from the balance 
sheet. An analysis that accounts explicitly for the tim¬ 
ing of receipt of cash and the expected payments is 
needed. This chapter compares profitability with liq¬ 
uidity, identifies common types of cash flow problems 
in aquaculture, discusses the use of cash flow state¬ 
ments and budgets to manage cash flow, and outlines 
the need for record-keeping. 

LIQUIDITY 

Farms that are profitable and viable businesses can 
also have occasional cash flow problems. Adequate 
liquidity is essential to an aquaculture business because 
it is used as a source of cash to meet demands for 
cash payment, as a safety margin for adverse financial 
conditions, and as a source of capital for investment 
in other alternatives. It measures the capacity of the 
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business to produce enough cash to make financial 
payments when they are due. Positive cash flow is 
necessary to meet operating expenses and to meet the 
cash needs of the farmer and his or her family. 

PROFITABILITY VERSUS LIQUIDITY 

Many business owners believe that the success of the 
business is determined solely by its profitability. Suc¬ 
cessful businesses must be profitable, but inadequate 
cash flow can result in business failure. In fact, cash 
flow problems likely cause more severe financial prob¬ 
lems than overall issues of profitability. 

Cash flow problems are problems of liquidity, not 
profitability. Because cash flow measures the timing 
of receipt of revenue and of expenses, it is a prime 
determinant of liquidity. However, cash flow budgets 
include only cash items; noncash items such as de¬ 
preciation are not included. Cash flow budgets do not 
measure profitability. 

COMMON SOURCES OF CASH FLOW 
PROBLEMS IN AQUACULTURE 
BUSINESSES 

There are a number of different types of cash flow prob¬ 
lems that cause difficulty for aquaculture businesses. 
A common cause of liquidity problems involves the 
timing of product sales. Aquaculture businesses with 
seasonal production, that is harvests occur in only one 
period of the year, can face liquidity problems because 
revenue is not available throughout the year to cover 
expenses when due. In a similar manner, the timing of 
expenditures can result in liquidity problems. Borrow¬ 
ing and loan payments, leverage and use of credit, and 
business expansion also contribute to liquidity prob¬ 
lems. Moreover, farm planning can be hampered if the 
projections of sales, expenditures, and payment sched¬ 
ules are forecasted incorrectly. 
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Timing of Product Sales 

Product sales that occur several months later than when 
production expenses are incurred are a common source 
of cash flow problems. For example, a salmon crop is 
stocked at one point in time, typically, with one size of 
fish. The fish are fed, kept free of disease, and moni¬ 
tored until they reach market size, often 9-15 months 
after stocking (Bjorndal 1990; Grisdale-Holland et al. 
2004). The salmon farm must pay all bills associated 
with feeding, disease control and treatment, and cost 
of the smolts, labor, and other expenses, but does not 
receive revenue until the salmon are sold. This creates 
a clear cash flow problem that must be accounted for 
when planning the farm business. Production expenses 
must be covered for the time period until sales generate 
revenue. 

Timing of Expenditures 

The timing of expenditures can also create cash flow 
problems. If a shrimp farm is planning to purchase 
new aerators across the farm and prepares to make the 
purchase at the beginning of a production cycle, the 
investment will result in a substantial outlay of cash at 
the beginning of the production cycle, before shrimp 
have been produced and sold. Thus, there is no cash 
revenue to match the cash outlay at that time of the year. 
If shrimp prices fall or feed prices increase, the farm 
may no longer have a surplus from the previous year 
to cover these adverse conditions because the surplus 
funds were spent on the new aerators. Cash flow would 
be improved by waiting to purchase the new aerators 
until the end of the production cycle, using revenue 
from shrimp sales. 

Borrowing and Loan Payments 

The characteristics and terms of loans on the farm 
can have a strong effect on liquidity. The interest 
rates charged and the terms of payment (such as the 
length of the loan) will affect the amount of the pe¬ 
riodic payment. Longer-term loans will have lower 
payments while shorter-term loans will have higher 
payments. Restructuring debt can be used to improve 
liquidity by reducing the annual payment by extend¬ 
ing the length of the loan. However, restructured loans 
will result in greater total interest paid over the life 
of the loan. Serious liquidity problems may require 
restructuring of loans, but this must be approached 
carefully. 


The structure of the debt in the business refers to 
how the debt is apportioned among short- and long¬ 
term loans. A high percentage of debt in short-term 
current liabilities can be another cause of liquidity 
problems. Refinancing can be a way to move the debt 
to longer term by amortizing the repayment over a 
longer period. The general rule for structuring loans is 
that the repayment terms should match the useful life 
of the assets. For example, if a piece of equipment is 
expected to last for 7 years, then the loan should be 
structured to be repaid within 7 years. 

Scheduled debt repayments can result in cash flow 
problems. If payments on major loans, such as the real 
estate or equipment loans on the farm, are scheduled 
to be paid in the early part of the production season, 
cash flow problems may result. Cash flow is improved 
by scheduling payments on loans to coincide with the 
time of the year that is likeliest to have product sales 
that generate revenue at the time the payments are 
due. A repayment schedule that matches the timing of 
revenue and cash flow in the business can also reduce 
interest expenses. 

Leverage and Use of Credit 

The financial risk of increased borrowing can result in 
liquidity and cash flow problems. Financial analysts 
often talk about the trade-off between leverage and 
liquidity. The term leverage refers to the proportion 
of borrowed to equity capital. The higher the degree 
of borrowed capital relative to the amount of capital 
owned by the farm, the more highly leveraged the 
business. Thus, leverage increases with the debt/asset 
ratio. 

Greater amounts of borrowing can deplete credit 
reserves. Credit reserves are one of the management 
alternatives that can be used to prepare and plan for 
adverse cash deficits. Reductions in the amount of 
credit reserves reduce the business’ ability to withstand 
downside risks. Increased borrowing also increases the 
repayment obligations in the future. 

Business Expansion 

Liquidity is important as a source of funds to take 
advantage of new investment opportunities. This may 
include having capital to purchase additional land as 
it is put on the market, purchasing equipment at good 
prices at auctions and farm sales, or funds to use as a 
hedge against adverse commodity prices in the mar¬ 
ketplace. 
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Business expansion can result in cash flow and liq¬ 
uidity problems. For example, the farm may decide 
to add a hatchery to the farm because careful analy¬ 
sis has shown that vertically integrating the food fish 
growout operation with a hatchery and fingerling en¬ 
terprise will result in greater profits. The hatchery will 
require a new building, new ponds, and development of 
broodstock for spawning. Selecting broodstock from 
current stocks of fish may decrease the weight of fish 
available to be sold. Putting ponds into fingerling pro¬ 
duction reduces the acreage of water available for food 
fish growout. Construction of the hatchery building 
and the ponds also requires cash outlays. The combi¬ 
nation of the reduced revenue from diverting fish to 
broodstock and reduced acreage and the cash outlays 
to construct the hatchery building may result in a tem¬ 
porary cash deficit. Over time, as the new ponds are 
built and stocks of fish are built back up to former lev¬ 
els, the cash deficit will disappear and the increased 
profits will be realized. 

Incorrect Anticipation and Overly 
Optimistic Estimation of Costs, 
Yields, and Revenues 

The accuracy of cash flow projections and budgets 
will depend on the accuracy of the yields, prices, and 
costs used to make the projections. The farm may base 
yields on historical farm records. However, in any 
given year, disease problems, adverse weather con¬ 
ditions, or other unanticipated events may result in 
lower-than-anticipated yields. If yields achieved on the 
farm are less than those anticipated and projected, the 
revenues projected will also be less than anticipated 
and cash flow problems will likely result. 

Fish prices are determined in the market and are out¬ 
side the control of the majority of aquaculture produc¬ 
ers. While close attention on price trends and cycles 
will generally result in more accurate estimation of 
prices, there are many forces that can result in unantic¬ 
ipated price changes. Lower prices received, as com¬ 
pared to those projected, will result in lower revenue 
than projected with cash flow deficits and problems 
likely resulting. 

It can be difficult for many farmers to be disciplined 
while forecasting prices and expenditures. The temp¬ 
tation is strong to be overly optimistic about prices, 
yields, and costs. One method to guard against mis¬ 
leading estimates is to have a frank and objective 
assessment of cash flow projections developed by a 
third-party individual. An outside analyst can often be 


relied upon to inject some realism into the projections. 
Long-term datasets of prices and yields can also be 
helpful to maintain price and cost projections within 
realistic ranges. 

Nonfarm Factors 

Many farms are managed as a family operation with 
family expenses and obligations mixed in with the 
farm’s expenses and obligations. If the farm family 
has a sudden increase in medical expenses or tuition 
expenses for college, these expenses can create a cash 
deficit that spills over into the farm business. 

STATEMENT OF CASH FLOWS 

The statement of cash flows summarizes the actual 
cash inflow and outflow of the farm business over 
the course of the production year. It presents an as¬ 
sessment of the cash position for each month of the 
business. Thus, the statement of cash flows calculates 
the liquidity for each month. This statement should be 
prepared over the same fiscal year as the balance sheet 
and the income statement. 

Table 6.1 illustrates the format of a statement of 
cash flows. Cash farm income and expenses are sum¬ 
marized in the first section (Cash flows from operating 
activities). The second section (Cash flows from in¬ 
vestment activities) includes any investment revenue 
and expenses. The third section summarizes cash ob¬ 
tained from loans and the cash outflows from debt¬ 
servicing and repayment expenses. The fourth section 
(Cash flows from nonfarm activities) is for cash inflow 
and outflow from nonfarm items, while the final sec¬ 
tion balances the cash on hand. The cash flow statement 
does not include any noncash items. Noncash items are 
important in the determination of profitability and net 
worth, but are not included in a statement of cash flows 
because they are not cash items. 

The example of a statement of cash flows in Table 
6.1 is for a farm that has no nonfarm revenues or 
expenses. This farm received $604,800 in revenue 
from sale of fish and paid $564,433 for farm operating 
expenses. Net cash from operating activities was 
$40,367. The farm did not purchase or sell any 
broodstock, equipment, or land. Cash obtained from 
financing activities provided $173,650 from an 
operating loan. Principal payments on longer-term 
debt were $98,058. When the principal payments of 
the operating loan were included, the net change in 
cash was negative, at —$57,692. Thus, this farm does 



70 


Managing Aquaculture Businesses 


Table 6.1. End-of-Year Statement of Cash Flows with 25% 
Market-Sized Fish Off-Flavor. 


Item 

Total 

Cash flows from operating activities 

Cash received from farm operations 

$604,800 

Cash paid for farm operating expenses 

$564,433 

Net cash provided by operating activities 

$40,367 

Cash flows from investment activities 

Cash received from sales of: 

Bloodstock 

0 

Equipment 

0 

Real estate 

0 

Cash paid to purchase: 

Bloodstock 

0 

Equipment 

0 

Real estate 

0 

Net cash provided by investing activities 

0 

Cash flows from financing activities 

Operating loan received 

$173,650 

Term principal payments 

$98,058 

Operating debt principal payments 

$173,651 

Net cash from financing activities 

-$98,059 

Cash flows from nonfarm activities 

Cash received from nonfarm income 

0 

Cash paid for nonfarm expenses 

0 

Cash withdrawals for family living 

0 

Net change in cash 

-$57,692 


not have adequate liquidity to pay off its operating 
loan in full over this time period. 

The operating line of credit can be determined and 
monitored from the statement of cash flows. Its pur¬ 
pose is to be certain that the business has adequate liq¬ 
uidity in the months expected to result in cash deficits. 
An operating line of credit is designed to provide cash 
in months of cash deficits, and to repay deficits in 
months of cash surpluses. 

The statement of cash flows indicates the amount of 
the operating line of credit required for each month. 
The statement of cash flows also shows the amount of 
outstanding operating capital debt for each month of 
the year. Increasing amounts of operating capital debt 
indicate increasing problems of liquidity. A preferable 
position is for the amount of operating capital out¬ 
standing to decrease throughout the year, ideally, to 
zero. A feasible business is one in which adequate 
cash surpluses exist during enough months to pay off 
the operating capital debt accumulated during months 
of cash deficits. If the outstanding operating capital 


does not decrease throughout the year, there is a liq¬ 
uidity problem and there is likely a shortage of working 
capital. 


MANAGEMENT ALTERNATIVES 
AND PLANNING STRATEGIES TO 
OVERCOME CASH FLOW 
PROBLEMS 

The first step to managing and planning to avoid or 
overcome cash flow problems is to monitor and control 
cash flow from the beginning. This requires planning, 
organizing, directing, and controlling the cash flow of 
the business. The last step, control, is to implement the 
actions that are necessary to be certain that goals and 
objectives of the overall business plan are met. 

This process involves establishing some initial per¬ 
formance standards. The business performance must 
then be compared against the standards and corrections 
made as necessary. 
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Monitoring Cash Flows 

Table 6.2 presents a sample of a form that could be used 
to monitor cash flow for the aquaculture business. The 
total amount of cash flow projected is entered into the 
first column. The amount budgeted up to the date the 
report is prepared is entered in the next column, while 
the actual cash flow to date is entered in the third col¬ 
umn. Ideally, this report is prepared on a monthly basis 
for frequent monitoring of the cash flow situation. If 
the owner cannot schedule adequate time for monthly 
monitoring, quarterly monitoring would still provide 
some degree of control throughout the year. Excessive 
outflows of cash will become readily apparent with 
frequent monitoring, and a course of corrective action 
can be identified to avoid the development of more se¬ 
rious deficits. Monitoring cash flow only once every 6 
months, or once a year, is not adequate. The earlier the 
diagnosis of a potential problem, the sooner the cor¬ 
rective action and steps can be taken. Not monitoring 
cash flow can result in business failure. 

Year-end estimates can be revised as necessary. At 
the end of the year, the past year’s cash flow perfor¬ 
mance can be used to develop a more realistic projec¬ 
tion for the upcoming year. Deviations in borrowings 


and loan payments should be evaluated primarily based 
on their effects on the ending cash balance. 

Measures of Repayment Capacity 

There are two measures of repayment capacity that are 
recommended by the Farm Financial Standards Coun¬ 
cil (FFSC): (1) term debt and capital lease coverage 
ratio, and (2) capital replacement and term debt repay¬ 
ment margin. The term debt and capital lease coverage 
ratio is calculated with the following equation: 

Term debt and capital lease coverage ratio 
= cash available for term debt payments for 
the past year/total of the term debt payments 
due in the next year. 

Term debt covers scheduled, amortized payments. 
The cash available for term debt payments is calculated 
by adding the total nonfarm income, depreciation ex¬ 
pense, and interest paid on term debt and capital leases 
to net farm income from operations and subtracting 
out withdrawals for family living and personal income 
taxes. A value greater than 1.0 indicates adequate cash 
flow to meet the scheduled term debt payments. It is 


Table 6.2. A Sample Form for Monitoring Cash Flows on Aquaculture Businesses in March. 


Item 

Projected annual total 

Projected total to date 

Actual cash flow to date 

Beginning cash 

Pounds of catfish sold, lb 

1,152,000 

138,240 

103,680 

Receipts from catfish sold, $ 

806,400 

96,768 

72,576 

Operating cash expenses 

Feed 

278,264 

13,913 

13,913 

Fingerlings 

72,832 

72,832 

72,832 

Labor 

Year-round, full-time 

40,560 

9,735 

9,735 

Seasonal, full-time 

10,140 

0 

0 

Plankton control 

3,687 

0 

0 

Gas, diesel fuel, and oil 

18,944 

2,273 

2,273 

Electricity 

56,832 

3,979 

3,979 

Repairs and maintenance 

24,832 

4,470 

4,470 

Bird depredation 

1,600 

720 

720 

Seining and hauling 

57,600 

6,912 

5,184 

Telephone 

2,688 

591 

591 

Office supplies 

2,816 

394 

394 

Farm insurance 

6,476 

1,554 

1,554 

Legal/accounting 

1,562 

406 

406 

Total operating expenses 

578,833 

117,779 

116,051 
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similar to the current ratio calculated from the balance 
sheet. However, the current ratio does not include all 
positive and negative cash flows. 

The capital replacement and term debt repayment 
margin is the difference between the cash available 
and the total term debt payments due. It is similar to 
the working capital measured from the balance sheet, 
but differs in that all cash inflows and outflows are 
considered. 

Management Alternatives 

Some farm management strategies result in more 
positive cash flows than do other types of management 
strategies. In catfish production, for example, many 
farmers use a multiple-batch system of production in 
which submarketable fish from one year are carried 
over to the second year of production with a second 
crop of smaller fingerlings “understocked” in the same 
pond. This system results in the presence of several 
year classes and sizes of fish, from small fingerlings 
to market-sized fish, in each pond at most times. Thus, 
whichever pond is “on-flavor” can be harvested and 
sold to the processing plant during any month of the 
year. 

Very large farms can also stock different sizes of 
fish in different ponds and stagger production sched¬ 
ules to have a number of ponds with market-sized fish 
available at all times. However, it is difficult to manage 
farms to maintain only single batches at all times. A 
problem in any one pond, whether a power failure, a 
disease problem, or some other adverse condition, can 
have an adverse effect on the schedule across the entire 
farm. 

Cash flow deficits can be overcome with several al¬ 
ternative financial management techniques. Firstly, the 
farm's expenses can be subsidized with off-farm in¬ 
come. Many farmers operate their farms as a lifestyle 
choice, not necessarily because of the farm’s busi¬ 
ness or investment properties. Some fish farms have 
been in the family for generations and there are inher¬ 
itance and family traditions involved in maintaining 
the farm business. When these reasons are strong, a 
fish farm family may choose to work off farm to gen¬ 
erate the cash needed to meet the farm's cash flow 
problems. 

A second means to meet cash deficits is to sell cap¬ 
ital assets. This can be particularly successful if the 
farm is overcapitalized or if a careful analysis has in¬ 
dicated that downsizing may improve efficiencies and 
profitability. Surplus equipment sales will bring cash 


into the business. Timing the sales so as to generate the 
cash needed to overcome deficits can assist with over¬ 
all cash flows. However, selling off equipment needed 
to operate the farm at an efficient and profitable level 
will have serious adverse effects on the future of the 
business. 

Cash deficits can be overcome by borrowing addi¬ 
tional operating capital or by restructuring the debt 
of the business. The decision to incur additional debt 
should be made after careful analysis of the balance 
sheet, the overall financial and debt structure of the 
business, and the farm's ability to absorb additional 
debt. Analysis of the effects on cash flow of additional 
interest payments on the higher operating capital debt 
is essential before approaching a lender to request new 
loans. 

Crop and livestock inventories can also be sold to 
cover cash deficits. During times of low fish prices 
or high feed prices, selling off part of the fish inven¬ 
tory will reduce stocking densities on the farm. Lower 
stocking densities allow the remaining fish to grow 
faster. The faster growth may result in greater turnover 
of the fish crop. In such a case, then, the combination 
of revenue from selling off a portion of the crop as 
well as the higher turnover of the fish crop may result 
in improved cash flow and lower cash deficits. Older 
broodstock can also be sold to generate revenue and 
can be replaced with smaller, less expensive brood- 
stock. 

Savings accounts can be drawn upon to cover cash 
deficits. This is a temporary measure that can relieve 
the pressure of cash deficits. Clearly, if the fundamental 
problems that generate the cash flow problems are not 
corrected, the savings account will become depleted 
over time if used continuously. 

Other sources of outside cash such as gifts or in¬ 
heritances can be used to cover cash flow problems. 
However, use of these sources of cash is not a sustain¬ 
able solution. Over time, the business must generate 
adequate cash flow to be feasible and viable. 


Financial Contingency Measures 

Every business should have plans in place to handle 
unexpected adverse conditions that may result in 
severe cash flow difficulties. Contingency plans can 
take many forms. Every family or business should 
have some degree of savings that can be used to meet 
short-term cash shortfalls. Maintaining some type of 
liquid reserves is one of the most important financial 
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contingency measures because these types of reserves 
do not affect the overall scale or scope of the business. 

The business should also maintain a reserve of credit 
that would allow for additional borrowing in the event 
of a difficult cash flow crisis. Maintaining a credit 
reserve requires the farm not to borrow up to its max¬ 
imum borrowing limit. 

Part of a contingency plan is to use cash surplus 
obtained in years of favorable earnings and cash inflow 
to prepare for future downturns. This can be done by 
paying off some of the debt at a faster rate when the 
business has a cash surplus. Paying off debt increases 
the credit reserve as well as reduces interest rates and 
payment amounts. 

In times of liquidity problems, nonfarm expendi¬ 
tures may need to be decreased or, alternatively, off- 
farm income may need to be increased. Maintaining 
adequate insurance for crop losses, medical problems, 
and casualties can help to prevent the cash flow prob¬ 
lems that can result from these types of nonfarm ac¬ 
tivities. 

During times of cash shortfall, additional cash rev¬ 
enue can be obtained by selling assets that are less pro¬ 
ductive and less profitable than others. In some cases, 
assets that are sold can be leased back to maintain the 
size of the operation. 

Relatives or other personal friends can be sources 
of future financing. One other option is to declare 
bankruptcy and to then work out a plan to repay cred¬ 
itors over time. 

Projected and Actual Cash Flows 

Pro forma (projected) cash flow statements provide an 
idea of the expected cash flow position of the busi¬ 
ness expected over the course of the year. The most 
effective use of the pro forma cash flow budget is to 
use it to assess potential alternative management op¬ 
tions to select those options that will work best for 
the business. Specific decisions that should be exam¬ 
ined with a pro forma cash flow budget are decisions 
related to purchasing or replacing equipment, renovat¬ 
ing ponds, and to evaluate repayment capacity of the 
business. 

For example, projecting a cash flow budget pro¬ 
vides a means for the farmer to change the timing of 
receipts from product sales or of business expenses or 
loan payments and scheduling. Making these changes 
before production starts can help avoid potential prob¬ 
lems. However, comparing the projected and actual 
cash flows during the production year provides a means 


to alter plans in the middle of the production cycle to 
head off cash flow problems. 

The format for a pro forma cash flow budget is pre¬ 
sented in Chapter 12. Development of the pro forma 
cash flow budget requires that a full whole-farm plan 
be in place. Chapter 17 presents details on develop¬ 
ing whole-farm plans. The whole-farm plan includes a 
crop production plan. The crop production levels and 
feed requirements must be estimated. Cash receipts 
from the aquaculture crops must be estimated along 
with other income anticipated, such as interest, gov¬ 
ernment payments, or insurance payments. The cash 
operating expenses are then estimated. Personal and 
nonfarm cash expenses required for family living must 
be estimated. Plans for any purchase or sale of capi¬ 
tal assets such as ponds or equipment should be es¬ 
timated. The amortization schedule that specifies the 
principal and interest payments on each loan needs to 
be available. Finally, the pro forma cash flow budget 
requires an estimate of the beginning balances of all 
cash accounts, including checking, savings, and other 
accounts. All this information is then entered into the 
cash flow budget template. 

Table 6.2 illustrates the statement of cash flows that 
is used to record and monitor the actual cash flows 
throughout the production season. The values assigned 
to the projected annual total come directly from the 
total column for each line item on the pro forma cash 
flow budget. The projected total to date column adds 
up the projected amounts by month up to the date of 
the statement being prepared. Problems that exist will 
begin to be visible as the projected total to date column 
is compared side by side with the actual expenditures 
to date column. 

The example illustrated in Table 6.2 shows that most 
cash expenditures matched with those projected for 
this particular business. However, fewer fish were sold 
than what had been projected. Thus, revenue and cash 
inflow were lower than what had been projected. Sein¬ 
ing and hauling costs were also lower because seining 
and hauling costs are charged per pound of fish sold. 

The timing of receipt of revenues and expenditures 
will frequently vary from that projected. Maintaining 
a record of how actual cash flow is different from 
what was planned for the year will make it easier to 
identify emerging problems. Problems will be detected 
more quickly and actions needed to correct the problem 
can be implemented more quickly. It is often easier to 
make more frequent, smaller corrections than to wait 
until the cash flow problem has developed into a major 
financial concern. 
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Cash Flow Deviation Report 

A cash flow deviation report can be prepared by com¬ 
paring the actual cash flow monitored in the business 
with the projected cash flow budget. The report shows 
the amount of the deviation as well as the source (spe¬ 
cific change in receipts or expenses that differ from 
what was originally projected). It also shows the mag¬ 
nitude of the difference. The cash flow deviation report 
can serve to alert the manager to substantial changes 
in cash flow and trigger a more complete analysis of 
its effects on the business. 

Table 6.3 presents a cash flow deviation report pre¬ 
pared from the statement of cash flows in Table 6.2. 
The report is developed for the first quarter of the year; 
hence, the first quarter and year-to-date values are the 
same. Fish sales in the first quarter were 25% lower 
than that projected. Thus, cash inflow was down by 
25%, —$24,192. Seining and hauling costs were also 
down by 25% (because these are charged on a per- 
pound basis). Thus, total cash outflow for this quarter 
was $1,728 less, providing a cash flow benefit. Over¬ 
all. the net change in cash flow for the first quarter was 
negative, —$22,464. 

The first challenge is to identify the cause of the 
deviation in cash flow. The second is to determine 
whether the problem is likely to occur again. In the 
example illustrated in Table 6.3, the deviation report 
showed that the problem was lower-than-expected fish 
sales during that quarter. It is then important to care¬ 
fully assess whether this situation is an unusual, one¬ 
time occurrence or if it is an early warning of a larger 
problem. If the latter is suspected, immediate correc¬ 
tive action is required. 

RECORD-KEEPING 

Records necessary for managing cash flow in the 
aquaculture business include a cash flow budget that 


projects cash flows into the production year as well as 
a statement of cash flows that records the actual cash 
flows as they occur. 

PRACTICAL APPLICATION 
(DIFFERENT TIMING OF 
EQUIPMENT PAYMENTS) 

Table 6.4 demonstrates a cash flow budget for a 256- 
acre catfish farm. This farm has borrowed 30% of the 
total amount of capital needed for the business (op¬ 
erating, real estate, and equipment). Payments for the 
real estate and equipment loans are made in March 
(real estate loans) and April (equipment loans). The 
cash receipts for the business have been affected by 
off-flavor on the farm that has restricted sales to 75% 
of the total amount produced. 

Table 6.4 illustrates several cash flow problems cre¬ 
ated by the reduced sales due to off-flavor of fish on the 
farm. Cash deficits occur in April, June, July, August, 
September, November, and December. These deficits 
require new borrowing to meet all cash expenses. The 
new borrowing increases the outstanding amount of 
operating capital across the year. The outstanding op¬ 
erating capital loan increased from $166,705 in Jan¬ 
uary to $322,241 at the end of December. 

Catfish sales from farms typically increase through 
the production season and more fish are available to 
be sold at the end of the year. However, this farm has 
loan payments scheduled for the earlier part of the 
year (March and April). Table 6.5 examines the effect 
of moving these loan payments to the end of the year 
(November for the equipment loan and December for 
the real estate loan). With this change, the number of 
months with cash deficits decreases from seven months 
of the year to two (November and December), the 
months in which the loan payments are due for the real 
estate and equipment loans. Moreover, across the year, 


Table 6.3. Cash Flow Deviation Report. 

First quarter Year-to-date 


Deviation Deviation 


Budget Actual $ % Budget Actual $ % 


Fish sales $96,768 $72,576 -$24,192 -25% $96,768 $72,576 -$24,192 -25% 

Seining and hauling $6,912 $5,184 +$1,728 +25% $6,912 $5,184 +$1,728 +25% 


Net change in cash flow = —$22,464. 




Table 6.4. Cash Flow Budget with 25% of Market-Sized Catfish Off-Flavor and Loan Payments in March and April. 
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the outstanding balance on the operating capital loan 
goes down from $166,705 to $154,622. Thus, moving 
the payments on the real estate and equipment loans 
eliminates five months of cash deficits and allows the 
farm business to pay down a portion of its outstanding 
operating capital debt. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Adams et al. (2001) used an annual cash flow budget as 
the basis for an investment analysis to assess the eco¬ 
nomic feasibility of small-scale, commercial culture 
of the southern bay scallop ( Argopecten irradians con- 
centricus). A capital replacement schedule was used to 
compare annual capital replacement costs of racks for 
cages and for longline systems to culture bay scallops. 
Growout cages were identified as the largest capital re¬ 
placement cash cost that occurs in Year 6. Sensitivity 
analyses showed that the economic life of the growout 
cages had a substantial effect on overall net returns. 
Extending the economic life through proper care and 
maintenance increased returns while decreased eco¬ 
nomic life of growout cages due to poor maintenance 
substantially decreased net returns. 

SUMMARY 

This chapter discussed how to use cash flow budget¬ 
ing techniques to manage cash flow and avoid serious 
cash flow problems. Cash flow problems can result 
from a number of sources. These can include prob¬ 
lems associated with the timing of receipt of revenues, 
payment of farm expenses, and debt payments. The 
price, yield, and income risk in farming result in price 
and cost fluctuations that can cause cash flow prob¬ 
lems. Prompt actions can often head off more serious 
cash flow problems. 

Pro forma cash flow budgets are used to project out 
monthly cash flow for the upcoming year while the 
statement of cash flows records the actual cash inflows 
and expenditures. Comparing the projected and actual 
cash flow to date by month allows the farm manager to 
spot deviations early and devise actions to effectively 
correct and avoid further cash flow problems. 

Corrective actions for cash flow problems can take 
many forms. Changing pond management strategies 
can help when fish can be sold that can change the 
timing of receipt of revenue. Effective planning can 
identify ways to change the timing of payment of ex¬ 
penses. Debt payments can be rescheduled. 


One of the key steps is to maintain proper records 

that include projected and actual cash flow as well as 

deviations from planned and anticipated cash flow. 

REVIEW QUESTIONS 

1. What is the difference between a cash flow budget 
and a statement of cash flow? 

2. Define and explain liquidity and its importance to 
the farm business. 

3. Describe the relationship between leverage, use of 
credit, and cash flow, using aquaculture examples. 

4. Explain how rescheduling loan payments can be 
used to improve cash flow for an aquaculture farm 
business. 

5. Describe two aquaculture production manage¬ 
ment options that can result in improved cash flow. 

6. Describe two measures of repayment. 

7. Describe how to develop a cash flow deviation 
report. 

8. Describe the types of records needed to compare 
projected and actual cash flows. 

9. Compare profitability and liquidity. 

10. Describe some of the problems involved in accu¬ 
rately forecasting prices and costs of aquaculture 
products and inputs. 
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Managing Capital Assets in 
Aquaculture Businesses 


INTRODUCTION 

Aquaculture operations tend to have large amounts 
of capital assets. The magnitude of the capital assets 
in aquaculture businesses require that these assets be 
managed carefully. Key questions that need to be asked 
with regard to the management of capital assets are: 
(1) how much total capital should be used; (2) how to 
decide when to replace capital assets; (3) whether to 
purchase or lease capital assets like ponds and equip¬ 
ment; and (4) how to monitor the use of capital assets. 
This chapter discusses issues related to decisions on 
the capital requirements for various scales of aquacul¬ 
ture production. A format for making decisions related 
to replacing capital equipment and costs of capital is 
presented. Trade-offs among purchasing, leasing, or 
custom hiring are compared. The chapter concludes 
with a discussion of monitoring the use of capital and 
record-keeping requirements. 

HOW MUCH TOTAL CAPITAL 
SHOULD BE USED? 

Determining the amount of total capital to be used is 
primarily a process of long-run planning. In the long 
run, many different changes can be made. For example, 
the farm can be sold, it can double in size, or it can be 
divided into half. It is because of this flexibility that 
economists say that all resources become variable in 
the long run. 

Economies of Scale 

The question of the total amount of capital to be used in 
a business is also a question of how large the business 

Aquaculture Economics and Financing: Management and Analysis 
Carole R. Engle © 2010 Carole R. Engle. ISBN: 978-0-813-81301-1 


should be. This is because larger businesses require 
greater amounts of capital. A primary determinant of 
the economically optimal (best) size of a business is 
the extent of economies or diseconomies of scale. 

Economies of scale are represented by a decrease in 
the per-unit cost of production as output ( total produc¬ 
tion) increases (Figure 7.1). Economies of scale are 
used to identify the optimal or best size of farm, the 
farm size that results in the lowest cost per pound of 
production across the farm. The first step in an analysis 
of economies of scale is to develop an enterprise budget 
for each possible farm size. The farm size that results 
in the lowest cost per pound is the most economical 
size. If the costs of production per pound decrease as 
the farm size increases, then economies of scale ex¬ 
ist. If, however, the cost of production increases as the 
farm size increases, then diseconomies of scale exist. 
When economies of scale exist, the output increases 
by a greater percentage than the increase in each of 
the inputs as farm size increases. Economies of scale 
exist when there are increasing returns to scale such 
that production is more efficient (lower cost) due to 
larger farm sizes. 

Economies of scale are found in industries with high 
capital costs. The high capital costs result in higher 
annual fixed costs; greater levels of production spread 
these fixed costs over the increased units of production. 

Economies of scale in aquaculture businesses can 
result from the adoption of larger pieces of equipment 
or more advanced technologies. For example, a larger 
feed wagon may allow the manager to feed more ponds 
before returning to the feed bin and may result in lower 
costs per pound of fish produced than feeding with a 
smaller feed wagon. Similarly, a larger farm may be 
able to hire enough workers to seine their own ponds 
as needed rather than waiting to schedule a custom 
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Figure 7.1. Economies of scale in catfish foodfish production. 



harvester who may not be available as often as would 
be best. 

Economies of scale can also result from division and 
specialization of labor. Larger sizes of businesses can 
allow the labor to become specialized in certain tasks 
and thus become more efficient at that task. For exam¬ 
ple, a large farm with a dedicated seining crew can de¬ 
vote time to properly train that crew to seine efficiently 
whereas a smaller farm with a generalized work force 
may not develop the same level of efficiency or may 
have to contract with a custom harvesting company 
that may increase costs. 

Other factors can contribute to economies of scale. 
These can include purchasing supplies in bulk at a 
discounted price, or spreading a manager’s salary 
over greater acreage and greater total pounds sold. 
For example, Figure 7.2 demonstrates that building 


fish ponds in a “windowpane” fashion can reduce the 
cost/acre of pond construction. The major investment 
cost in a pond-based aquaculture farm is building the 
levees; the more levees, the higher the fixed costs of 
constructing the pond. 

Constructing a 1-acre pond requires four levees, or 
four levees per acre. However, if two 1-acre ponds are 
constructed side by side, as in Figure 7.3, with a shared 
levee, the total number of levees required is seven, or 
3.5 levees per acre. Thus, the cost of levee construction 
will be less per acre by constructing ponds in a way that 
minimizes the total number of levees to be constructed. 

Diseconomies of scale can also occur when busi¬ 
nesses become too large to manage efficiently. The 
evidence of diseconomies of scale is an increase in 
per-unit costs of production as the business gets larger 


2 levees 


2 levees 
* 

3 levees 

+ 


_ . 1 levee-*- 


<— 7 levees 

♦ 

4- 3 levees 

t 

t 

4 levees 


6 levees 

5 levees 


4 levees 


Figure 7.2. Levees for a single pond. 


Figure 7.3. Levees for two ponds with a shared levee. 
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and generates greater output. Coordinating and con¬ 
trolling the business becomes more difficult as the size 
of the overall business gets larger. The top manager 
becomes more separated from the direct operations, 
and efficient coordination becomes more difficult with 
larger scales of business. 

Firm Growth 

In businesses with economies of scale, larger firms 
have a cost advantage in that the per-unit costs are 
lower for larger than for smaller farms. The realities of 
lower costs that result from economies of scale must 
be considered carefully in long-run planning for the 
growth of the farm. 

The decision whether to increase the size of the busi¬ 
ness depends on what the optimal scale of production 
is for that particular farm business and its market. Once 
the optimal size of the business has been determined, 
the extent of expansion that would be ideal will be the 
difference between the optimal size of the business and 
the current size of the business. This section describes 
how to identify the optimal size of a business; how¬ 
ever, credit capacity and other factors may limit both 
the amount and rate of growth that is possible for the 
business. 

Farms in industries with economies of scale have 
incentives to grow to a larger size if the business has 
resources available, its resources are allocated in a 
suboptimal manner, or it has savings from disposable 
income. One major incentive for business growth is 
to operate more efficiently by achieving economies of 
size to enhance income-generating capacity. 

The optimal scale or size of the business is deter¬ 
mined by developing a long-run average cost curve 
(LRAC). Figure 7.4 illustrates the development of an 
LRAC for a shrimp hatchery. The LRAC consists of a 


series of short-run situations that can each be analyzed 
and combined into a comprehensive analysis of the 
effects of a variety of long-run options. Each short-run 
average cost curve (SRAC) corresponds to a particular 
size of the business. The LRAC line is drawn by con¬ 
necting the lowest points of each SRAC. The lowest 
point of the LRAC indicates which scale of business 
is optimal. 

In Figure 7.4, the two SRACs correspond to two dif¬ 
ferent sizes of shrimp hatcheries. In this example, the 
larger hatchery results in lower costs of production and 
the firm’s overall business plan should include plans 
to expand to achieve that size if the current business is 
smaller or plans to contract to that size if the current 
business is larger. 

Increased financial leverage can result in increased 
firm growth, but the additional borrowing used to fi¬ 
nance new investment also increases financial risk. 
Risk comes from increased potential losses of equity 
capital and increased variation in expected returns. 
High financial risk can affect the rate of growth in 
equity. 

HOW TO DECIDE WHEN TO 
REPLACE CAPITAL ASSETS? 

The decision to replace or trade a piece of equip¬ 
ment should involve consideration of a number of fac¬ 
tors. Should equipment be replaced only when fully 
worn out or should it be replaced earlier? Consider¬ 
ations should include ownership and operating costs, 
reliability of the equipment, and the effects on cash 
flow and taxes. As equipment wears out, its repair 
costs increase and can reach a level where it is more 
economical to replace that piece of equipment. New, 
more efficient, equipment may be more economical as 
long as acquiring the capital necessary to upgrade the 



Figure 7.4, 


Developing a long-run average cost curve for a marine shrimp hatchery. 
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technology does not result in adverse financial effects 
on the farm. If the farm has expanded in size, new 
equipment may be needed to operate the larger farm 
size efficiently. 

Capital budgeting techniques can be used to make 
decisions as to when to replace equipment. Using cap¬ 
ital budgeting, the net present value (NPV) for each 
number of years in the replacement period can be cal¬ 
culated. The period that yields the greatest NPV should 
be selected. Another approach is to conduct a marginal 
analysis that compares the gains from keeping the asset 
for another time period with the gains from replacing 
it. 

Equipment on aquaculture farms is a major por¬ 
tion that requires capital investment. In the enterprise 
budgets described in Chapter 10, the total equipment 
investment ranged from $138,100 to $1,471,121 and 
from $1,461/acre to $2,302/acre on the 60-acre to the 
1,007-acre catfish farms. Capital spent on equipment 
cannot be used for other investments or expenses. The 
value of what would be earned from using the capital 
for some other use is referred to by economists as an 
opportunity cost. The opportunity cost of investment 
capital used to purchase equipment is part of its total 
cost. 

The costs associated with owning equipment include 
the initial purchase cost and interest rates if funds are 
borrowed to acquire the equipment while operating 
costs include fuel and lubricants, repairs, and mainte¬ 
nance of the equipment. Many of the fixed ownership 
costs consist of a one-time large outlay of cash for 
the initial purchase that may be quite large. Another 
large part of the cost of owning equipment is its de¬ 
preciation, a noncash cost that is easily overlooked or 
ignored in financial analysis and planning. Depreci¬ 
ation is a charge that reflects the loss in value of a 
capital good due to wear and tear, obsolescence, and 
age. Accounting for the costs of depreciation is a way 
to spread the purchase price of a piece of equipment 
across its useful life to recover the original investment 
amount. 

The annual ownership costs of equipment can be 
about 10-15% of its original purchase price. However, 
the annual ownership costs will vary with the type of 
equipment, how it is maintained, its age, and current 
interest rates. 

Calculating the ownership costs of a particular 
piece of equipment can be complicated. The Amer¬ 
ican Society of Agricultural and Biological Engineers 
(ASABE) provides guidance to estimate these costs 
(www.asabe.org). The calculation involves the annual 


capital recovery cost which is a measure of the annual 
ownership costs of equipment. 

ACRS = (purchase price — salvage value) x capital 
recovery factor + (salvage value x interest rate) 

The salvage value (the value of the equipment after 
its useful life) is calculated by multiplying the orig¬ 
inal purchase price by the remaining value percent¬ 
age found on the ASABE’s web site. For example, a 
10-year-old tractor may have a remaining value of 
37%. If the tractor originally cost $60,000, its salvage 
value after 10 years of use would be $60,000 times 
0.37, or $22,200. The capital recovery factor (CRF) 
is an annuity factor that can be found in Table 14.6. 
Thus, the annual capital recovery factor (ACRF) for 
the $60,000 tractor at an interest rate of 8% is: 

ACRF = ($60,000 - $22,200) x 0.14903 
+ ($22,200 x 0.08) = $7,409 

It is important to note that the interest expense on 
the value of the equipment is calculated to account for 
the use of investment capital in that particular piece of 
equipment. 

Taxes (property and sales), insurance, and equip¬ 
ment storage costs are additional ownership costs of 
equipment and pond assets. Some states do not charge 
personal property taxes on equipment, and sales taxes 
are variable across states. Insurance on equipment typ¬ 
ically costs about 0.8% of its average value with a 
range of 0.5-1.0%. Facilities to store equipment typ¬ 
ically cost about 2% (ranging from 0.5 to 3%) of the 
average value of the equipment. 

The annual ownership costs for each piece of equip¬ 
ment can be compared by dividing the annual cost by 
the estimated annual use (in hours used for each piece 
of equipment). The result is a measure of the total 
ownership cost per hour of use. Fuel efficiency use 
of different pieces of equipment can be compared by 
dividing the gallons of fuel consumed by each piece 
of equipment by the hours of consumption to obtain 
a measure of fuel cost per hour. These can be com¬ 
pared with the performance guidelines published by 
the ASABE for different types of equipment and en¬ 
gine sizes. 

The repair and maintenance costs of equipment can 
be based on the accumulated repair costs over the life 
of the piece of equipment. The engineering cost is 
calculated by multiplying the list price by the repair 
and maintenance cost percentage, which is calculated 
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by dividing the accumulated repair and maintenance 
cost by the total hours of use over its useful life. 

Operating costs of equipment include fuel and lubri¬ 
cation, repairs, and maintenance costs. Farm records 
provide the best information on fuel and lubrication 
costs. Tractor tests show that fuel consumption can 
be estimated from the maximum power takeoff horse¬ 
power (hp) of a tractor. For gasoline tractors, the gal¬ 
lons of gasoline used per hour are 0.06 times the hp of 
the power takeoff unit, while for diesel units, it is 0.044 
times the hp of the power takeoff unit. Lubricants and 
filters add an additional 10-15% of fuel costs. 

Repair costs vary for various types of equipment and 
for various levels of usage. However, agricultural en¬ 
gineers estimate that repair costs can range from 0.5 to 
9% of the original purchase price of the equipment for 
each 100 hours of use. Repair costs typically increase 
over time as equipment ages and increasing amounts 
of repairs are required. 

Repairs and Maintenance versus 
Depreciation 

One of the difficult decisions for a farm business is 
how much capital to spend on repairs and mainte¬ 
nance. Over time, adequate maintenance and repair of 
equipment can allow that equipment to be used for a 
greater number of years than if it is not maintained 
and wears out more quickly. Some farmers attempt 
to survive by minimizing as many costs as possible, 
and repairs and maintenance can be some of the first 
expenses to be foregone in difficult economic times. 

Monitoring the efficiency of equipment can provide 
some indication of when it may need to be replaced. 
One indicator of machinery efficiency is machinery 
investment cost per crop acre. This is calculated by 
dividing the current value of all crop machinery by the 
number of crop acres on the farm. Another measure, 
total machinery cost per crop acre, compares the oper¬ 
ating cost of the equipment. It is calculated by dividing 
the total annual machinery costs, both ownership and 
operating, by the number of crop acres. 

The costs of repairs and maintenance will begin to 
increase as equipment and ponds wear out. The wear 
and tear on equipment and ponds must be replaced 
and accounted for at some time or the farm will not 
be able to continue to survive. Eventually, the depre¬ 
ciated value of the asset is very low and the costs to 
maintain and repair the tractor or truck become exces¬ 
sive. A careful comparison of the annual costs of re¬ 
placing the capital item with the average annual costs 


to maintain and repair that piece of equipment will 
provide guidance on the best time to replace it. The 
timing of the replacement of equipment should take 
into consideration the pattern of cash flow and time 
the purchase to coincide with a time period in which 
there is greater cash inflow. Debt payments should be 
scheduled for ease of payment. If fish prices are ex¬ 
pected to be low, deferring equipment replacement for 
an additional year may be preferable. 

The Cost of Acquiring Capital 

The costs a business pays for its financial capital are re¬ 
ferred to as the costs of capital. The liabilities listed on 
the business’s balance sheet comprise the business’s fi¬ 
nancial capital. Debt and equity together constitute the 
degree of a business’s financial leverage and the rela¬ 
tionship of debt and equity levels in the business reflect 
the business’s capital structure. The cost of debt capital 
should be lower than the cost of the equity capital. 

For family-owned farms, equity capital is provided 
by retained earnings (reinvesting farm profits) and un¬ 
realized capital gains from the farm. However, in con¬ 
trast to national financial markets that provide capital 
for large corporate businesses, retained earnings are 
highly uncertain with a rate of growth not fast enough 
for large investments. Agricultural farm businesses 
have thus relied heavily on borrowing and leasing. 

Use of retained earnings also incurs an opportunity 
cost in that the funds are invested back into the business 
instead of spent by the family for some other activity. 
Costs of retained earnings can be thought of as the 
rates of return needed to compensate for the family 
consumption that is foregone. 

Acquiring capital results in interest charges typically 
paid to the lender from whom the loans are obtained. 
Various credit plans can be compared by calculating 
the cost of the various plans. 

To compare the cost of different loans designed to 
acquire capital assets, the actual percentage rate (APR) 
of each can be calculated. The APR is calculated by 
manipulating the following equation: 

Periodic loan payment = net amount borrowed 
x amortization factor. 

This equation is solved for the amortization factor. 
The net amount borrowed is calculated by subtracting 
any non-interest charges and loan points or signing 
fees from the original loan amount. The periodic loan 
payment is then divided by the net amount borrowed 
to identify the amortization factor. The value of the 
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amortization factor calculated is then used to identify 
the interest rate relative to the number of periods for 
the loan by using Table 14.6. If there is more than one 
payment a year, the interest rate is multiplied by the 
number of payments per year to obtain the annual rate. 

The net present value (NPV) and the internal rate 
of return (IRR) can be used to compare the returns to 
the possible alternatives to purchasing capital assets. 
The true cost of borrowing can be compared with the 
use of these indicators. Chapter 13 presents details of 
the calculation and interpretation of NPV and IRR. 

How Much Debt is Too Much? 

New loans are frequently required to finance new cap¬ 
ital assets needed to expand the business by building 
or acquiring new ponds or purchasing new equipment. 
Each farmer or farm business has a certain level of 
credit capacity. It will be difficult for farmers to bor¬ 
row capital beyond their credit capacity because the 
increased leverage would increase financial risk to an 
unacceptable level. 

The business owner can use the financial statements 
described in this book to calculate important financial 
ratios that shed light on this type of decision. Addi¬ 
tional debt results in two different types of concern: 
(1) short-term cash flow requirements and short-term 
debt; and (2) solvency of the business and longer-term 
effects of increased debt. 

The short-term cash flow requirements and debt are 
evaluated with a cash flow budget (see Chapter 12 
for details on preparation and evaluation of cash flow 
budgets). The debt-servicing ratio and the cash flow 
coverage ratio, calculated from the cash flow budget, 
provide quick indicators of the effects on cash flow. 
The debt-servicing ratio divides the interest and prin¬ 
cipal payments by the cash inflow. Thus, smaller values 
are preferred and increasing values indicate increasing 
risk of inadequate cash flow to meet financial pay¬ 
ments when due. The cash flow coverage ratio divides 
the cash inflow by the sum of the interest and principal 
payments. Higher values are clearly preferred and de¬ 
creasing values over time indicate increasing financial 
risk to the business. 

In addition to these formal indicators, a quick look 
at several lines on the cash flow budget can be use¬ 
ful. In particular, the line items that indicate the cash 
available, new borrowing, and outstanding operating 
capital debt on the cash flow budget provide insight 
into the effects of additional borrowing. Declining 
cash available, increased new borrowing, and increas¬ 
ing amounts of outstanding operating capital debt all 


indicate that cash flow risk is increasing. These are a 
cause for concern unless there is some realistic expec¬ 
tation of a major change in the next year. 

The effects of additional debt to acquire new cap¬ 
ital assets on long-term debt, financial structure, and 
solvency of the business must be evaluated from the 
balance sheet (see Chapter 11 for details on prepara¬ 
tion of and interpretation of balance sheets). The net 
worth on the balance sheet should generally increase 
over time. Acquisition of new capital assets that re¬ 
quire new borrowing will increase both the liabilities 
and the assets on the balance sheet. The result of¬ 
ten is a short-term decrease in net worth. However, 
wise investments in new capital assets are those that 
increase profits over time. Increasing profits will re¬ 
sult in increased net worth. However, if a new capital 
acquisition results in a large negative net worth, the 
financial risk may be unacceptable. 

The debt/asset ratio provides a quick view of the 
solvency of the business following additional capi¬ 
tal acquisitions. Lower debt/asset ratios are preferable 
and debt/asset ratios greater than one indicate that the 
business is no longer solvent. Thus, if a new capital 
acquisition increases the debt/asset ratio, but the value 
remains below one, the additional debt level is not ex¬ 
cessive. A debt/asset ratio that exceeds one indicates 
potential solvency problems. In such a case, a full 
evaluation is needed to assess whether the increased 
debt/asset ratio is a temporary condition or whether it 
would likely be lasting longer. Long-term exposure to 
debt/asset ratios above one is an unacceptable level of 
financial risk that few businesses can sustain. 

PURCHASING, LEASING, OR 
CUSTOM HIRING CAPITAL ASSETS 
SUCH AS PONDS AND EQUIPMENT 

There are alternatives to purchasing equipment. If the 
farm’s financial structure cannot withstand additional 
debt, machinery tasks can be either hired out to custom 
operators or the equipment can be leased. 

There is no one rule of thumb for deciding whether 
leasing equipment and ponds is better than purchase 
of capital goods. The alternatives must be analyzed 
carefully before making the decision. The decision as 
to whether to purchase or lease a piece of equipment 
such as a tractor should be based on the estimated total 
overall costs associated with the possible alternatives. 
A tractor needed for the fish farm will provide the same 
benefits in terms of production and revenue regardless 
of whether it is purchased or leased. However, the costs 
will be different. Careful analysis should compare the 
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cash outlay for purchase and leasing, adjusted for any 
tax savings that would be obtained from being able 
to deduct expenses or depreciation. The lowest cost 
option would be the preferred option. 

Leasing or renting equipment or ponds can be an 
alternative to purchasing capital items. It provides an 
opportunity for a farmer to increase the size of the 
business or to adopt more efficient technology with¬ 
out having the capital to acquire it outright. Leasing 
can be a feasible way for young farmers to start out in 
the business. One principal benefit of leasing or rent¬ 
ing is that lower initial payments may provide a better 
cash flow pattern to cover other expenses in the year. 
Some lease rates may result in lower costs. Moreover, 
leasing may result in greater liquidity for the farm busi¬ 
ness, particularly in the earlier years. Leasing can also 
conserve working capital because the only liabilities 
incurred are those of the rental rates. 

On the other hand, a high percentage of its capital 
assets will have less collateral to use as a basis for 
increasing its credit capacity. Ownership of ponds and 
equipment also increases equity for the farm business. 
Increasing equity enhances the balance sheet and con¬ 
tributes to owner’s wealth. 

The costs of leasing are handled differently from 
costs associated with capital acquisitions in the anal¬ 
ysis of the farm’s finances. Rent and other expenses 
from leases are variable or operating costs rather than 
fixed or ownership costs and are cash, not noncash 
expenses. A lease will result in higher variable or op¬ 
erating costs. If fish prices are expected to decrease 
in the near term, revenue would decrease, and a lease 
may not be the best choice. Moreover, high lease rates 
may not be profitable. Engle (2007) showed that catfish 
farming was not profitable at certain pond lease rates 
but was profitable at other lower levels. The farmer 
must analyze his/her options carefully. 

The annual amount of the rent and other lease ex¬ 
penses is entered into the enterprise budget and the 
income statements as a variable cost. Leased assets, 
however, are not included on the balance sheet either 
as assets or liabilities. Thus, leasing does not affect the 
financial ratios of the business that are calculated from 
the balance sheet. 

Leasing may increase a farmer’s credit over time 
if working capital is conserved. However, if the cash 
flow demands of a lease are excessive, the lease may be 
detrimental to the farm’s cash position. Such a situation 
could negatively affect a farmer’s credit. 

A farm that is highly leveraged (operating with a 
high debt load) and with low equity may not have the 
financial strength to assume additional debt. Leasing 


ponds, tractors, or aerators may be the best option for 
a few years. During this time, some of the debt load 
can be paid down to a level that would allow for new 
loans to pay for purchasing new equipment. 

Pond leases should include a legal description of 
the ponds and land to be leased, the length of time 
over which the lease is valid, the amount of rent to be 
paid, how and when payments are due, the names of 
the owner (known as the lessor) and the tenant (known 
as the lessee), and the signatures of both. Pond leases 
should specify whose responsibility it is to maintain 
the levees, mow the grass, and who pays for adding 
gravel to maintain the roads on top of the levees. Most 
farm leases are written for 1 year but contain a clause 
that provides for automatic renewal from year to year. 
Pond lease rates in the southern portion of the United 
States can vary from about $100 to $350 per acre. 

The lease agreement should stipulate when rent is 
to be paid. Lease payments should be entered into the 
cash flow budget to be certain that the lease payments 
can be made in a timely fashion. Cash flow problems 
can occur if lease payments are required before the 
crop will be marketed. If cash is not available, then the 
lease payments may need to be financed through short¬ 
term operating loans that increase total costs from the 
additional interest charges. The timing of rent pay¬ 
ments should be negotiated along with the rental rate. If 
the rent is due earlier in the production season, the risk 
is shifted to the grower from the owner and there should 
be an accompanying decrease in the amount of the rent. 
Some leases require a prepayment and/or a security de¬ 
posit that must be accounted for in financial planning. 

MONITORING CAPITAL USE 

Part of managing capital efficiently involves continu¬ 
ous analysis of its use. The first general approach to 
such an analysis is to compare the performance of the 
farm’s capital assets from one year to the next. Chap¬ 
ter 4 presents details of methods of doing this. This 
type of analysis shows the business’ progress from 
one year to the next and how economic changes affect 
the business. However, it can be difficult to sort out 
whether the business’s performance is due to its man¬ 
agement or due to external economic effects. Another 
disadvantage of this approach is that it relies entirely 
on the past. 

Another approach to monitoring capital use is to 
compare the business’s performance to that of other 
farms. This method allows the farm to compare their 
performance indicators to those of other, similar farms. 
There are private firms and some university extension 
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services that operate programs for a fee to do this. 
Farms then receive periodic statements that allow them 
to compare their farm’s performance on a number of 
different indicators with other farms that raise the same 
crops. 

RECORD-KEEPING SUGGESTIONS 

Record-keeping is essential for managing capital as¬ 
sets. The fundamental records necessary to evaluate 
the use of capital in the business are balance sheets 
(Chapter 11) and cash flow budgets (Chapter 12). From 
these, the relevant ratios and indicators, described in 
Chapter 4, should be calculated. 

Managing capital assets also requires planning for 
the use of capital on the farm. Hours used for each 
piece of equipment allow the manager to calculate the 
total ownership cost per hour of use and compare this 
across different types of equipment. Records of hours 
of machinery use can be used to calculate machinery 
hours per acre or per pound of fish or shrimp produced. 
These records can form the basis for comparing the 
potential value of newer or larger pieces of equipment. 

Machinery cost records that include both ownership 
and operating costs should be maintained. A depre¬ 
ciation schedule should be set up for each piece of 
equipment and adjusted annually to show the loss in 
value over the year as well as the current value. With 
no repairs and maintenance, equipment and ponds will 
wear out more quickly and will then need to be re¬ 
placed in their entirety. It can be more expensive to 
renovate or repair ponds and equipment than it is to 
purchase them. 

Tax and insurance costs, lease payments for any 
equipment rental, and the cost of capital should be 
recorded, preferably by piece of equipment. Operating 
costs that should be monitored for equipment on the 
farm include fuel and oil expenses, costs of spare parts 
in inventory, repairs, and any custom hires. Maintain¬ 
ing records of fuel use by piece of equipment provides 
a means to calculate and compare fuel efficiency across 
machinery on the farm. Increasing values over time in¬ 
dicate when it would become profitable to replace that 
piece of equipment. 

Complete records for a farm include repair and 
maintenance costs for each type of capital asset in 
the business. This list should match the depreciation 
schedule on capital assets that is used for income tax 
purposes. 

The profitability of capital is typically measured 
by the return on capital. Chapter 13 presents a more 
detailed discussion on its calculation. The return on 


capital and the internal rate of return on capital use 
can be calculated and maintained in the farm’s records 
each year. 

PRACTICAL APPLICATION 

The frequency of rebuilding or renovating ponds is a 
question relevant to pond-based farms and their strat¬ 
egy for managing capital assets. When pond levees 
become too narrow for a feed wagon, hauling truck, or 
harvesting equipment to pass, production and output 
of fish will suffer. Moreover, ponds silt in over time 
through erosion of the main levees. This results in the 
ponds becoming too shallow. Shallow, silted-in ponds 
result in weed problems and reduced capacity to store 
oxygen. The result can be a reduction in fish yields and 
possibly an increase in the feed conversion ratio. 

An analysis of when it is appropriate to incur the 
investment required to renovate ponds would begin 
with a tabulation of the costs and benefits that would be 
incurred through the renovation. Costs would include 
the costs of contracting the equipment and labor for 
the actual renovation, any lost production from having 
the ponds out of production for a time, and pumping 
costs required to fill the ponds again. Benefits would 
consist of improved feeding rates, increased yields, 
and possibly lower feed conversion ratios. 

Equipment used to renovate ponds can include a 
bulldozer, bulldozer and box blade, bulldozer and dirt 
buggy, or a trackhoe to pull up the levees. Renovat¬ 
ing a pond can cost on average $575/acre, but costs 
can range from $350 to $ 1,000/acre. Taking the pond 
out of production will result in lost production for that 
period of time. For example, it may take 5 months to 
dry out the pond, but this time can range from 3 to 
12 months. The actual renovation may take only 
2 weeks with a range of from 0.5 to 3 weeks. 

To estimate the costs associated with the time that 
the pond is out of production requires several assump¬ 
tions. In the best case scenario, the pond could start 
drying out in February and could be dried by April. 
Thus, 1 month of production would be lost for dry¬ 
ing, an additional 2 weeks for renovation, and another 
2 weeks for pumping up the pond again. In the worst 
case, the entire growing season could be lost. This 
would entail a 6-month period that extends from mid- 
April through mid-October. Net daily yield in ponds 
can be 19 lb/acre/day for a 7,000 fish/acre stocking 
density, but can be as much as 24 lb/acre/day across 
all densities. In the worst case scenario, net daily yield 
from single-batch production with 0.6 lb Stockers was 
31^-0 lb/acre/day. 
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Table 7.1. Renovation Costs for a Variety of Scenarios. 


Large fish scenarios 


Category 

Best case scenario costs 

Worst case scenario costs 

(31 lb/acre/day) 

(40 lb/acre/day) 

Renovation 

$7,475 

$7,475 

$7,475 

$7,475 

Lost production 

$815 

$3,011 

$3,906 

$5,040 

Pumping cost 

$1,040 

$1,040 

$1,040 

$1,040 

Total 

$9,330 

$11,526 

$12,421 

$13,555 

lb catfish to cover costs 

13,328 

16,466 

17,744 

19,364 

lb/acre 

1,025 

1,267 

1,365 

1,490 


Putting these together for a 13-acre pond with 
2 months of lost production (best case scenario) would 
have renovation costs of $7,475, lost production of 
$815, and pumping costs of $1,040, for total costs 
of $9,330 (Table 7.1). It would take an additional 
weight of 13,328 lb of catfish to cover these costs, 
or 1,025 lb/acre (calculated at a price of $0.70/lb). In 
the worst case scenario, the pond is out of production 
for a longer time and the lost production costs increase 
to $3,011 for a larger total cost of $11,526. Thus, for 
the worst case scenario, 16,466 lb of catfish are re¬ 
quired to cover costs, or 1,267 lb/acre. With yields of 
31 lb/acre/day, the cost of the production lost increases 
further to $3,906 and would require a total of 17,744 lb 
of catfish, or 1,365 lb/acre. If net daily yield was 
40 lb/acre/day, the lost production cost would increase 
to $5,040 and would require 19,364 lb of catfish to 
cover costs, or 1,490 lb/acre/day. 

In summary, the longer the pond is out of production, 
the greater the renovation cost. The more productive 
the pond, the greater the overall renovation cost. 

In terms of the benefits, there was no significant 
difference in the feed conversion ratio between 1 and 


6 years following renovation (Figure 7.5). Figure 7.5 
shows the additional feed cost if the feed conversion 
ratio increases, but the yield stays the same. 

The decision as to when to renovate ponds requires 
an investment analysis because renovation is a long¬ 
term capital decision. For the investment analysis, re¬ 
turns and costs, including renovation costs, must be 
estimated for each year for 10-20 years. The NPV is 
calculated to measure the profitability of the proposed 
investment. 

Figure 7.6 shows the net returns by year if the pond 
is not renovated, with hypothetical feed conversion 
ratios. Figure 7.7 shows the net returns for 7 years 
following renovation. In contrast. Figure 7.8 shows 
the pattern of net returns if ponds are renovated every 
10 years. 

Flow do we determine which scenario is the most 
profitable? Table 7.2 compares the NPV without reno¬ 
vation, renovating every 7 years, 10 years, or 13 years. 
Figures 7.7 and 7.8 demonstrate negative net returns 
in those years that ponds are renovated, due to the 
cost of the renovation. The highest NPV (most prof¬ 
itable) occurs when ponds are renovated once every 
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Figure 7.5. Additional feed cost if feed conversion ratio increases but yield remains the same as pond ages. 
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No renovation 



Figure 7.6. Net returns by year with hypothetical feed conversion ratios if ponds not renovated over time. 


10 years. This analysis will show different results if 
the estimates of costs and benefits are changed. 

Other factors to consider other than a strict 
cost-benefit analysis include: (1) can you still operate 
the pond? (2) income taxes; (3) cash flow; (4) produc¬ 
tion contracts; (5) overall debt load and credit capacity; 
and (6) risk of emergencies. The final decision should 
be made after considering all relevant factors, includ¬ 
ing the economic analysis. 


Renovation is expensive. It is critical to establish 
vegetation quickly for longer-lasting levees. Data are 
not currently available as to whether feed conversion 
ratios increase or yields decrease following renovation 
and how quickly they change. Careful assessment 
of pond records following renovation might reveal 
these. Annual cash flow budgets with NPV analy¬ 
sis will show the most profitable pattern of reno¬ 
vation. 


Figure 7.7. 




Figure 7.8. Annual net returns for 10 years following pond renovation. 
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Table 7.2. Net Present Value with Different 
Frequencies of Pond Renovation. 


Option 

Net present value 

No renovation 

$16,754 

After 7 years 

$20,150 

After 10 years 

$20,931 

After 13 years 

$20,531 


OTHER APPLICATIONS IN 
AQUACULTURE 

Cyrus and Pelot (1998) developed a database planning 
software system for management of scallop farms. 
Simulations demonstrated the required allocation of 
capital resources among various types of nets. It traced 
the use of optimal capital through different stages in 
the production process until the operation reached a 
steady state. 

SUMMARY 

This chapter reviewed decisions related to managing 
the capital assets in the farm business. These assets are 
those that are used by the farm business for more than 
a year. The fundamental concept of economies of scale 
is reviewed because many aquaculture businesses ex¬ 
hibit strong economies of scale due to the relatively 
high proportion of capital costs in aquaculture busi¬ 
nesses. Economies of scale exist due to spreading pond 
construction costs across greater levels of output, shar¬ 
ing equipment and management across greater levels 
of output, and the opportunity to purchase inputs such 
as feed at a lower cost. The long-run average cost curve 
(LRAC) is used to identify the optimal size of a busi¬ 
ness by finding the size of business associated with the 
short-run average cost curve that has the lowest cost. 

Managing capital assets efficiently includes making 
decisions to be able to use the proper size of equip¬ 
ment, maintain it in good operating condition, and to 
make appropriate decisions related to its timely re¬ 
placement. The decision when to replace equipment is 
complicated and the timing of replacement can affect 
the financial structure of the business as well as its 
cash flow position. 

Capital acquisition can occur through custom hire 
arrangements or through leasing ponds and other fa¬ 
cilities as well as equipment. The decision to purchase 
or lease should be made after careful analysis of the 
effect on the business’s financial position and its cash 


flow. Assessment of how much debt is too much is 
needed to avoid incurring debt loads that entail exces¬ 
sive financial risk. 

REVIEW QUESTIONS 

1. What are economies of scale? Give several ex¬ 
amples of aquaculture industries that exhibit 
economies of scale. 

2. What creates economies and diseconomies of 
scale? Give aquaculture examples of each. 

3. How do economists identify the optimal size of a 
business? Draw the appropriate curve and describe 
how it is derived. 

4. What are the trade-offs between purchasing and 
leasing ponds and equipment? How are equipment 
costs treated differently in financial analyses if 
equipment are purchased as compared to leasing? 

5. How does a farm owner assess whether incurring 
additional debt will incur excessive financial risk? 

6. Describe two indicators of machinery efficiency 
and explain how each is calculated. 

7. Compare the types of costs associated with own¬ 
ership of equipment and those associated with op¬ 
erating the equipment. 

8. What types of records should be maintained on 
capital assets of the business, both long-term fa¬ 
cilities and equipment? 

9. What are the costs associated with borrowing cap¬ 
ital? 

10. Which financial indicators provide the best indica¬ 
tion of whether additional debt is feasible or not? 
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INTRODUCTION 

The level of risk in an aquaculture business requires 
that managers plan to make adjustments when negative 
outcomes occur so that the business will be successful. 
The goal of managing the risk in a business is to im¬ 
prove the probability of success. However, even with 
the very best management, profits are not guaranteed. 
Well-thought-out and carefully planned decisions can 
still result in poor outcomes. Moreover, higher prof¬ 
its are frequently associated with greater risk of losses. 
The key is to evaluate decisions based on the objectives 
of the business, not in reaction to previous decisions. 
Good decisions and strategies over time will result in 
positive outcomes in spite of the occasional negative 
outcomes. 

This chapter focuses specifically on strategies to 
manage risk. Chapter 16 presents details of what con¬ 
stitutes risk, various sources of risk, and how to mea¬ 
sure risk. For those unfamiliar with how economists 
define and measure risk, reading Chapter 16 prior to 
this chapter would be worthwhile. 

PRIORITIZING RISK 

A manager of an aquaculture business must account 
for risk in each phase of the business. Planning be¬ 
gins with careful identification of the types of risk that 
the business is likely to face in the upcoming plan¬ 
ning term. The second step is to identify the possible 
outcomes from each type of risk. 

The process of prioritizing risk requires assessment 
of the potential impact on the business as a result of the 
various sources of risk and an estimate of the probabil- 
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ity of that type of effect occurring. Careful evaluation 
of the combined effects of both these criteria allows the 
manager to identify those likeliest to cause the greatest 
problems. 

Consider Figure 8.1 related to assessment of the 
risk associated with the discovery of viral hemorrhagic 
septicemia (VHS) in one’s state. This disease broke out 
in the United States in the Great Lakes area and has 
resulted in development of regulations that prohibit 
the transport of live fish from VHS-positive states. A 
fish farm whose market requires interstate shipment of 
live fish in the United States should carefully weigh 
management options related to the risk of their state 
becoming VHS-positive. According to Figure 8.1, a 
farm located in a state adjacent to a VHS-positive state 
would have a higher probability of VHS spreading. The 
potential impact would be very high because the result 
likely would be a loss of all sales to other states because 
regulations would prohibit interstate shipment. Thus, 
steps to develop biosecurity protocols or to engage in 
an inspection and certification program would likely be 
recommended to minimize these risks. However, food 
fish growers who sell to a processing plant in the same 
state may still have a high probability of experiencing 
some effect, but the potential negative impact on the 
business would be lower. Thus, the need for action 
would be less. 


METHODS TO ORGANIZE RISKS 
AND STRATEGIES 

A decision tree is a useful way to organize the various 
types of risks and the alternative strategies for man¬ 
aging them. Figure 8.2 illustrates a decision tree for 
an example of alternative strategies for coping with 
risk on a shrimp farm. The decision tree consists of 
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Figure 8.1. Prioritizing risk. 


branches and nodes that denote decisions and is drawn 
from left to right. In Figure 8.2, there are three possible 
outcomes (good, average, poor) for each alternative 
option. 

The options considered in Figure 8.2 consist of three 
stocking options for the shrimp ponds: (1) 1 postlar¬ 
vae/m 2 ; (2) 1.5 postlarvae/m 2 ; or (3) 2 postlarvae/m 2 . 


The probability of disease incidence varies from year 
to year and with stocking density. The price received 
for shrimp is based on the size of the shrimp produced 
and the size of shrimp produced varies with the stock¬ 
ing density. Figure 8.2 shows the probabilities of good, 
average, or poor outcomes from each stocking density 
and the net returns associated with each outcome for 


Stocking Disease Net returns Expected 

strategy outcomes Probability ($/ha) value ($) 



0.1 

X 

Si ,000 

$100 

0.5 

X 

$800 

$400 

0.4 

X 

-$100 

-$40 

0.2 

X 

$900 

$180 

0.5 

X 

$700 

$350 

0.3 

X 

-$50 

-$15 

0.3 

X 

$800 

$240 

0.5 

X 

$500 

$250 

0.2 

X 

$100 

$20 


Figure 8.2. Decision tree for shrimp stocked at different densities. 
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Table 8.1. Payoff Matrix for Shrimp Stocking Rate. 


Disease 

Outcomes 


Regrets 


1/m 2 

Stocking density 

1.5/m 2 

2/m 2 

1/m 2 

1.5/m 2 

2/m 2 

P 

$ 

P 

$ 

P 

$ 

Good 

$200 

$100 

$0 

0.3 

800 

0.2 

900 

0.1 

1,000 

Average 

$300 

$100 

$0 

0.5 

500 

0.5 

700 

0.5 

800 

Poor 

$0 

$150 

$200 

0.2 

100 

0.3 

-50 

0.4 

-100 

Expected value 

n.a. 

n.a. 

n.a. 

n.a. 

460 

n.a. 

515 

n.a. 

510 

Minimum return 

$0 

$100 

$0 

n.a. 

100 

n.a. 

-50 

n.a. 

-100 

Maximum return 

n.a. 

n.a. 

n.a. 

n.a. 

800 

n.a. 

900 

n.a. 

1,000 

Range 

n.a. 

n.a. 

n.a. 

n.a. 

700 

n.a. 

950 

n.a. 

1,100 

Maximum regret 

$300 

$150 

$200 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

Expected regret 

$210 

$115 

$80 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 


each strategy. The expected net returns are determined 
by multiplying the probability of occurrence of each 
by its expected net returns and adding up the results. 
Thus, the expected net returns for a stocking rate of 1 
postlarvae/m 2 are $510/ha (sum of $240/ha, $250/ha, 
and $20/ha), $515/ha for 1.5 postlarvae/m 2 (sum of 
$180/ha, $350/ha, and —$15/ha, and $460/ha (sum 
of $ 100/ha, $400/ha, and —$40/ha) for the 2 postlar¬ 
vae/m 2 stocking density. 

Another way to organize information on the relative 
values of alternative strategies is to develop a payoff 
matrix. A payoff matrix is developed in the form of a 
table instead of a decision tree (Table 8.1). The payoff 
matrix indicates the returns possible from a particu¬ 
lar action. The resulting values are identical to those 
in Figure 8.2. Typically, a payoff matrix includes just 
one decision and one set of events. However, Table 
8.1 shows a payoff matrix for the three shrimp stock¬ 
ing densities from Figure 8.2. The possible events are 
listed on the left side and the choices are indicated 
across the top. The returns expected from each choice 
are calculated for each combination. 

A regret matrix indicates the potential returns lost 
by not choosing the best option. For example. Table 
8.1 also shows the regrets the manager would have by 
not choosing the other shrimp stocking densities. For 
example, if outcomes in that year are good, and the 
manager chose to stock at a low density, he/she would 
have earned $200/ha less than if he/she had chosen 
the highest density. However, if outcomes would be 
poor that year, the manager would have no regrets (0) 
if he/she had stocked at the low rate. If he/she had 
stocked at the high rate, the regrets would be $200/ha 


because of the differences in net returns between the 
1/m 2 and 2/m 2 stocking densities when outcomes are 
poor. The regret matrix also includes a summary of 
the maximum regrets for each stocking density and the 
expected regrets. The expected regrets are calculated 
by multiplying the regret value for each outcome by its 
probability and then summing them. Decision makers 
seek decisions with higher payoffs and lower regrets. 
A regret matrix can be combined with a payoff matrix 
in the same table with net returns demonstrated for 
both payoffs and regrets, as in Table 8.1. 

Decision Criteria for Decision 
Making 

Economists have developed several types of decision 
rules as a framework for making decisions related to 
risk. It is important to recognize that there are differ¬ 
ences in the results obtained from use of the different 
types of decision rules. Factors that must be consid¬ 
ered in order to select the appropriate decision rule 
include: (1) the decision maker’s attitude to risk; (2) 
the financial condition of the business; and (3) the cash 
flow requirements, among others. 

The various decision rules include: (1) maximin 
(maximization of the minimum possible returns); 
(2) minimax (minimization of maximum possible re¬ 
grets); (3) most likely outcome; (4) maximum ex¬ 
pected value; (5) risk and returns comparison; (6) 
safety first; and (7) break-even probability. With the 
maximin rule for returns or payoffs, the option cho¬ 
sen is the one with the largest minimum returns. 
Thus, this decision rule focuses on downside risks and 
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selects those options that will generate higher returns 
during the worst-case outcomes. The minimax crite¬ 
rion also focuses on downside risk but is based on 
regrets rather than payoffs. It is used to select the op¬ 
tion with the smallest value of maximum regrets. The 
most likely outcome is based on the outcome with the 
highest probability of occurrence and then selects the 
strategy with the highest net returns for that partic¬ 
ular strategy. This is one of the easiest strategies to 
apply. 

The maximum expected value decision rule will se¬ 
lect the alternative that has the greatest expected value 
(weighted average of the net returns multiplied times 
its expected net returns). This decision rule does not 
account for the variability that may occur with the dif¬ 
ferent outcomes. Thus, the maximum expected value 
decision rule would be used primarily by risk-loving 
managers. 

The risk and returns comparison takes into consid¬ 
eration both the level of risk and the level of returns 
expected from each alternative strategy. It results in 
rejecting strategies with lower expected returns and 
higher risks than other strategies. This decision rule is 
preferred by managers who are more risk averse. 

The safety-first decision rule results in selection of 
the best possible results of the worst-case scenario. 
In this rule, the emphasis is on managing the most 
negative outcomes because outcomes that are more 
positive than expected do not result in financial prob¬ 
lems for the business. Financial problems arise from 
the negative, not the most positive outcomes. This rule 
is particularly useful for businesses in difficult finan¬ 
cial positions, those that may not survive another bad 
year. 

The break even probability decision rule weighs the 
risk of losses against the expected average return. Cu¬ 
mulative density functions are calculated for each al¬ 
ternative that allows for comparison of the various 
alternatives. 

TECHNIQUES TO HANDLE RISK 

Techniques to reduce risk attempt to reduce the vari¬ 
ability of outcomes. This can be achieved by: (1) set¬ 
ting a minimum income or price level; (2) maintaining 
as much flexibility for decision making as possible; or 
(3) improving the ability of the business to bear risk. 
There are a variety of alternative strategies that have 
potential to mitigate each type of risk. Each business 
should identify those that are feasible and practical for 
its situation. 


The risk associated with each needs to be estimated 
and the expected returns and trade-offs evaluated for 
each alternative. The alternative strategies for cop¬ 
ing with the risks identified are known as decision 
strategies. 

Tools for Managing Production Risk 
Skilled Management 

The riskiness of aquaculture requires skilled manage¬ 
ment. Skilled managers can reduce risk by maintaining 
facilities and equipment in good repair. For example, 
aerators that function properly will minimize the risk 
of losses due to oxygen depletion. Skilled managers 
who subscribe to trade journals, market news services, 
and those who attend educational meetings will be in 
a better position to minimize risk by making better- 
informed decisions than managers who do not stay 
abreast of current conditions and the latest research. 
Contracting experts to monitor specific aspects of the 
business can help to be prepared to manage adverse 
conditions. Lawyers, accountants, and fish health ex¬ 
perts may be valuable resources. 

Flexibility 

Flexibility, in and of itself, does not affect risk, but 
a firm that is more flexible has the ability to make 
changes that can help it to find ways to adjust and 
cope with risk. Aquaculture businesses tend to have 
relatively high fixed costs. The high fixed costs reflect 
the level of long-term assets that are more difficult 
to adapt and change as conditions change. Short-term 
assets can be sold more quickly and frequently in re¬ 
sponse to adverse conditions. However, there can be a 
trade-off between economies of scale (lower per-unit 
costs of production) that are typically achieved with 
greater capital investment and higher fixed costs. The 
greater efficiencies obtained from larger-sized opera¬ 
tions are often achieved at the expense of flexibility. 
On the other hand, greater flexibility may reduce risk 
but will likely result in a less-efficient business. 

Farm investments that can be used for multiple pur¬ 
poses can increase flexibility of the farm. Buildings 
and equipment that can be used for multiple enter¬ 
prises will provide greater flexibility than buildings 
and equipment that are highly specialized. 

Crops with shorter production cycles reduce risk by 
providing greater flexibility and opportunities to recap¬ 
ture costs sooner. This is because revenues are created 
more quickly and more frequently. Greater cash inflow 
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to the business provides greater liquidity and provides 
cash reserves to adjust to changing conditions. Raising 
fingerlings, for example, can result in a faster cash 
turnaround time than raising food fish. 

Share Leases 

Crop and livestock share leases apportion risks be¬ 
tween the tenant and the landowner. This is because 
both expenses and revenue from the sale of crops are 
typically split between the tenant and the landowner. 
Share leases are not as common in aquaculture as in 
other forms of agriculture, but can offer a way to spread 
production cost risks. 

Long-term Contracts with Suppliers 
and Buyers 

Long-term contracts for input supplies will reduce risk 
by stabilizing prices of inputs or products. For ex¬ 
ample, farmers who book feed in advance enter into 
a long-term contract. The farmer then is protected 
against rising prices of feed for the quantity of feed 
booked. 

Diversification 

Identifying stable enterprises is another technique that 
can be used to reduce production risk. Some types of 
crops are more stable in terms of generating income 
than others are. Diversifying production on the farm 
can reduce risk by producing more than one crop if the 
price of that crop varies in an opposite direction from 
the other. If the second crop produces high revenues in 
years when revenues from the first crop are likely to 
be lower, producing both will minimize overall price 
risk across the business. The key is for the prices and 
yields of the different crops produced to have highs 
and lows at different times. 

Diversification can reduce the total variability in net 
returns by pooling several types of income-generating 
activities. Investments that entail greater risk usually 
also have greater potential for higher net returns. Thus, 
strategies designed to reduce risk are usually accom¬ 
panied by lower returns. 

Correlations can be calculated to measure how 
prices and yields are related. If prices and yields of 
the two crops are positively correlated, it means that 
they will both be high at the same time or that they 
will both be low at the same time. With positively 
correlated prices and yields, diversification will have 
little effect on reducing risk. Risk reductions will oc¬ 


cur when the prices and/or yields of the two crops are 
negatively correlated. Crops with strong yield correla¬ 
tions frequently will also have positive correlations for 
price because the quantity sold of a commodity will 
affect its price. 

However, diversification across the farm may in¬ 
crease costs by complicating management. A farm that 
specializes in only one type of product may have higher 
returns resulting from improved efficiencies obtained 
through specialization. 

Larger aquaculture companies may be able to di¬ 
versify across geographic areas. Geographic diversifi¬ 
cation can result in greater reductions in risk because 
production is spread over a wide area with different 
seasons and different price variations. 

Diversification strategies may also involve nonfarm 
sources of revenue to counteract the effects of price 
and production risk. These activities can include in¬ 
vesting in stocks and bonds, working off the farm to 
generate off-farm revenue, or hedging in futures con¬ 
tracts. Renting versus owning capital assets required 
for aquaculture production may have different effects 
on risk, particularly if the farm business has consider¬ 
able financial risk due to being highly leveraged. 

Tools for Market Risk 

Market risk results primarily from fluctuations in mar¬ 
ket prices. Techniques that can be used to manage 
market risk include: (1) inventory management; (2) 
contract sales and hedging; (3) forward contracting; 
and (4) marketing cooperatives. 

Inventory Management 

Holding fish to wait for higher prices can be a strategy 
to manage market risk because prices of many com¬ 
modities are seasonal. This can be particularly advan¬ 
tageous for farmers raising new aquaculture species 
that are competing with wild-caught product. If the 
supply of the wild species is seasonal, prices likely 
will be seasonal. If the aquaculture grower can man¬ 
age to sell inventories during the times of high prices, 
there could be an advantage, at least until aquacul¬ 
ture production increases to high levels. For example, 
Chen et al. (2008) demonstrated that monthly prices 
of summer flounder range from a low of $0.88/lb in 
January to $1.26/lb in April. Some entrepreneurs have 
taken advantage of this price seasonality by transfer¬ 
ring flounder caught in the wild to tanks on shore 
in Virginia, on the east coast of the United States 
(Kauffman 2004). The flounder were held and fed for 
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several months and then sold in the live fish market in 
the northeast of the United States. Gross margins of 
$4/lb were obtained as compared to $0.25/lb or lower 
in the iced fish market. 

Managing inventory can provide opportunities to 
spread sales over time. Such a strategy sometimes can 
spread the risk of varying market prices by selling both 
during times of low and high prices. Continuous pro¬ 
duction systems, as practiced in aquaculture segments 
such as channel catfish in the United States, have the 
potential to sell throughout the year. Spreading sales 
is more effective with crops that are not seasonal. 

This strategy provides no protection from downside 
risk because prices could fall as inventories are held. 
Moreover, holding inventories of live product incurs 
additional risk of losses due to disease. Diseases could 
reduce the quantity of marketable yields. Holding crop 
inventories also subjects the farmer to the risk that 
prices will fall further in the future. 

Forward Contracting 

Contract sales can stabilize prices, especially if con¬ 
tracts signed are long-term. Contracts may also specify 
management practices to be associated with the pro¬ 
duction of that commodity. 

Forward price contracts exist for many grain and 
livestock buyers. Forward contracting protects against 
declines in prices. The disadvantage is that forward 
contracting also prevents the individual from gaining 
during times of rising prices. 

Contracting with a buyer to sell product at a certain 
price in the future has the benefit of stabilizing market 
prices for the farm; more stable prices reduce mar¬ 
ket risk. Moreover, a forward sales contract may be 
viewed favorably by lenders who are concerned with 
downward price risk. 

However, forward contracts restrict the farm to spe¬ 
cific production performance standards, harvest condi¬ 
tions, and terms of sale. If the contract calls for delivery 
of a specified amount and yields fall short, the farmer 
may need to purchase additional product to meet the 
terms of the contract. 

Futures Contracts and Hedging 

Futures contracts are common for grain commodities. 
For example, the Minneapolis Grain Exchange has 
traded wheat for over 110 years. Futures markets tend 
to enhance cash markets, but no one is required to 
physically deliver or receive the product. 


The prices of futures contracts tend to move in the 
same manner as cash prices. The difference between 
the futures contract price and the cash market price is 
referred to as the basis. 

A futures contract is an agreement to either deliver 
or receive a certain quantity and grade of a specific 
commodity during a designated delivery period (the 
contract month). The contract includes information on 
where the commodity would be delivered and any ad¬ 
justments in price from substituting a different species 
or size. 

Selling a commodity futures contract instead of the 
commodity itself allows a buyer or seller to set a mar¬ 
ket price for that quantity of product. The process of 
buying and selling futures contracts is known as hedg¬ 
ing. Hedgers enter the market to protect themselves 
from market risks. Hedgers participate to reduce mar¬ 
ket risk associated with either rising or falling shrimp 
prices. 

To protect against price declines, a farmer would buy 
the right to sell a futures contract (known as a “put” 
option) at an established price. A shrimp grower can 
buy a “put” option to insure against decreases in cash 
prices. The "strike” price is the level of price protection 
selected. A put option with a strike price of $4.50 and 
a premium of $0.20 enables the farmer to protect a 
net sales price of $4.30/lb (strike price—premium). 
For example, a shrimp producer who intends to sell 
shrimp during the next month could enter the futures 
market to sell futures contracts. This is known as a 
“short” position. A shrimp grower, in a short position, 
is locking in a price for future sales. 

Call options (the right to buy a futures contract at an 
established price) can be used to establish a maximum 
purchase price for a commodity. Buying a call option 
provides insurance against price increases. A call op¬ 
tion with a strike price of $4.50 and a premium of 
$0.20 enables the individual to protect a net purchase 
price of $4.70/lb. These can be useful for inputs, such 
as soybean meal for fish feeds. 

For example, a buyer for a major restaurant chain 
who will need to buy shrimp to serve in the restaurants 
a month from now could enter the futures market to buy 
futures contracts. This is known as a “long” position. 
A shrimp buyer in a long position (the buyer of futures 
contracts) is locking in a price for future purchases of 
shrimp. A buyer has the right, but not the obligation, to 
buy or sell futures contracts at a predetermined price 
at any time until the option’s expiration date. 

Speculators provide the capital, risk capital, and liq¬ 
uidity needed for those who wish to use the futures 
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market as a way to hedge prices. Speculators are bet¬ 
ting that the market will rise or fall. 

Hedging for aquaculture growers is difficult be¬ 
cause there are no futures markets for the majority 
of aquaculture products. Brokers require margins that 
decrease the benefits to farmers. Moreover, sometimes 
the product specifications may not match well with the 
capabilities of the farm and preclude participation in 
futures markets. 

There have been some experiments with futures 
markets for aquaculture commodities such as shrimp, 
with varying amounts of success. The Minneapolis 
Grain Exchange began to trade futures contracts for 
farm-raised and wild white shrimp in 1993 and then 
added a contract for farm-raised giant tiger shrimp in 
1994. 

There were two main contracts for shrimp: (1) 5,000 
lb of raw, frozen, headless, shell-on 41-50 count white 
shrimp (Penaeus vannamei, P. occidentalis, P. schmitti, 
P. merguiensis, and P. setiferus)', (2) 5,000 lb of raw, 
frozen, shell-on 21/25 count farm-raised giant tiger 
shrimp (P. monodon). The contracts were standard¬ 
ized so that they could be exchanged. However, the 
shrimp futures market was ultimately closed. A major 
problem of the shrimp futures market was the lack of 
homogeneity of the product (Martinez-Gamendia and 
Anderson 2001). Shrimp come in many different sizes 
and the fixed premium/discounts used to account for 
the price differentials turned out to be inadequate. 

Marketing Cooperatives 

Marketing cooperatives have had some success in sta¬ 
bilizing farmers’ returns. Forming a cooperative pro¬ 
vides an opportunity to pool product from across dif¬ 
ferent farms. Cooperative members can develop mar¬ 
kets jointly. By doing so, storage, sales, and pric¬ 
ing functions can be transferred to a larger company. 
The larger company can supply larger buyers, de¬ 
velop longer-term contracts, and take advantage of 
economies of scale with regard to marketing func¬ 
tions. Marketing cooperatives require knowledgeable 
management. With skilled management, the market¬ 
ing cooperative can increase profit through its size and 
specialization. 

Tools for Managing Financial Risk 

Management plans that result in adequate liquidity and 
solvency can help to reduce financial risk. Maintaining 
adequate levels of liquid reserves will reduce financial 
risk. Cash accounts that are maintained to provide cash 
during emergency situations are a way of providing 
insurance for the farm from the farm's own resources. 


Using fixed interest rates stabilizes the amount of 
interest payments. Fixed interest rates may be higher 
than variable rates, but they protect against rising in¬ 
terest rates. Knowing what the interest payments will 
be over time allows the manager to plan for timely 
payments. 

With careful planning, capital expenditures can be 
postponed if financial conditions are not favorable 
and then made when cash is available. Flexibility in 
scheduling the purchase of assets will help to reduce 
risk in the business. 

Use of self-liquidating loans ( those repaid from sale 
of the loan collateral) will reduce financial risk. Es¬ 
tablishing operating loans based on the inventory of 
fish raised would be an example of a self-liquidating 
loan. However, many banks are hesitant to allow use of 
swimming inventory as loan collateral, primarily due 
to difficulties in accurately estimating the quantity of 
fish inventory on the farm. 

Credit Reserves 

Maintaining a credit reserve will reduce risk because 
it provides for a ready source of additional borrowing 
capacity. Maintaining a sound relationship with one’s 
banker will help to maintain a reserve of credit (ad¬ 
ditional borrowing capacity that can be drawn upon 
during adverse financial times). A sound relationship 
with the lender may help to obtain approvals to carry 
over loans, defer payments during adverse conditions, 
or to refinance high debt loads. Thus, working with 
one’s lender is an important risk management strategy 
for many farmers. 

Sensitivity analyses of liquidity and financial risk 
can be done to assess the effects of variations in farm 
revenue, farm expenses, and interest rates on the finan¬ 
cial risk in the business. The percent that farm revenue 
can decline and still meet cash flow requirements is 
calculated by dividing the excess cash available by the 
total cash available. These values are obtained from 
the cash flow budget. Greater detail on the mechanics 
of cash flow budgets can be found in Chapter 12. The 
percent that farm expenses can increase and still meet 
cash flows is calculated by dividing the excess cash 
available by the cash operating expenses. The percent 
that interest rates can increase and still meet cash flows 
is measured by dividing the excess cash available by 
the total liabilities. 

Long-Term Debt to Equity 

Increasing equity in the business also reduces risk 
because it provides the solvency and much of the 
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liquidity of the business. Dividing the long-term debt 
by the equity (and multiplying by 100) provides a mea¬ 
sure of the relative importance of long-term as opposed 
to short-term debt. These values are obtained from the 
balance sheet (Chapter 11). Long-term debt can im¬ 
pose a constant drain on the finances of the business 
in terms of interest costs and debt servicing, thereby 
increasing financial risk. 

AQUACULTURE INSURANCE 

Crop insurance can provide some assistance to reduce 
risk on aquaculture farms because it constitutes a form 
of liquidity. Purchase of insurance can provide a source 
of funding to protect against an adverse event such as 
a loss of property due to disaster events. Insurance 
reduces downside risk or the risk of a negative occur¬ 
rence. 

Most insurance programs function by establishing 
a minimum income or price level and charging a fee 
(premium) to do so. Thus, purchasing insurance is a 
strategy that shifts the risk to the insurance company 
in exchange for the price of the premium. Premiums 
typically increase with the amount of risk. 

There are several types of insurance that can be 
used for farming businesses. For example, property 
insurance can be purchased to protect the business 
from losses from fires or storms. Liability insurance 
can protect the farm against lawsuits and liability 
claims. 

Multiple peril crop insurance is available for a num¬ 
ber of agricultural crops in the United States and 
is backed by the U.S. Department of Agriculture 
(USDA). The USDA program provides guarantees to 
purchase up to 85% of the proven yield for the farm. 
Losses that are covered include those from disaster 
events such as floods, hail, and others. Various private 
companies provide this type of insurance. 

Secretan (2003) identified 24 countries where insur¬ 
ance for aquaculture businesses either exists currently 
or once existed. 1 

However, overall, the opportunities to insure aqua¬ 
culture crops are limited. One of the difficulties with 
aquaculture insurance is that many aquaculture farms 
are small-scale businesses that do not maintain the 
types of stock control and production records nec¬ 
essary for insurance. Providing proof of loss that 
clearly documents the numbers, sizes, and value of 
fish, shrimp, or clams lost is difficult. Even in large 
aquaculture sectors such as the shrimp industry, insur¬ 
ers view stock control methods as insufficient (Secre¬ 
tan 2003). Thus, insurance for aquaculture is a small 


class of insurance for which few standards have been 
developed. 

The salmon industry is one of the few sectors 
of aquaculture with insurance coverage programs 
(Secretan 2003). Norwegian banks, for example, re¬ 
quire insurance protection of salmon stocks. English, 
Norwegian, French, Dutch, Spanish, Greek, and Italian 
companies offer insurance coverage to salmon farms. 
While a few companies exist in Chile, Australasia, 
Japan, and India, most of the insurance coverage is 
dependent on European reinsurance. 

In the United States, international salmon producers 
and some small salmon growers have purchased insur¬ 
ance through the European providers. Attempts have 
been made by U.S. insurance agents to offer insurance 
through Lloyd’s of London to other types of aquacul¬ 
ture businesses in the United States, but most of these 
attempts have failed. 

The first federal crop insurance program for aqua¬ 
culture in the United States was the Cultivated Clam 
Pilot Insurance Program that began in 2000. The pro¬ 
gram covers the growout phase of clam production and 
covers specific perils such as: oxygen depletion, dis¬ 
ease, freeze, hurricane, and decrease in salinity, tidal 
wave, storm surge, and ice floe (Beach and Viatar 
2008). Claims are based on inventory records. How¬ 
ever, the program suffered high loss ratios in its initial 
years that prompted program changes. The result was 
higher premium rates that in turn reduced participation 
levels. 

Some insurance programs for agriculture have been 
developed to protect against decreases in revenue. In 
such programs, the amount of payment from the insur¬ 
ance company is based on the yield multiplied by the 
market price. 

The decision to purchase insurance should involve 
an analysis of the potential losses on the farm and 
the probability of those losses. This must be compared 
with the cost of the insurance, the ability of the business 
to recover from that loss, and its overall impact. Insur¬ 
ance can be provided from an independent insurance 
company or by the business itself, through investment 
of retained earnings in liquid financial reserves. 

TOOLS FOR MANAGING CASH 
FLOW RISK 

Cash flow budgets can be used to evaluate scenarios 
that represent varying levels of risk from a cash flow 
perspective. The expected net returns estimated for 
various outcome categories of different scenarios are 
entered into cash flow budgets. Details on preparing a 
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complete cash flow budget are presented in Chapter 12. 
The expected net returns form the base scenario of the 
pro forma budget for the farm business. The net return 
values for the worst-case and other scenarios can be 
substituted sequentially into the cash flow budgets. The 
effects on various cash flow and financial indicators are 
then recorded, compared, and evaluated. 

Financial ratios that can be calculated to help eval¬ 
uate the effects of risk-rated outcomes include: (1) 
operating cash flow divided by current liabilities; 
(2) operating cash flow divided by total liabilities; (3) 
operating cash flow divided by the largest short-term 
credit balance; (4) current ratio; (5) rate of return on 
assets; (6) rate of return on equity; (7) ending cash 
balance; (8) ending operating loan balance; and (9) 
ending net worth. Details on calculating these ratios 
can be found in Chapter 4. 

A system referred to as the risk-rated management 
strategies system was developed to evaluate the effects 
of risks that result from price and production risk in 
agriculture (Ikerd and Anderson 1983). The system in¬ 
volves identifying the possible types of outcomes, that 
is, best, optimistic, expected, pessimistic, and worst. 
The outcome that is the likeliest to occur is the ex¬ 
pected outcome. For the other categories, the manager 
estimates the probability of its occurrence. This can 
take the form of, for example, a percent chance of oc¬ 
currence of the worst possible outcome. For example, 
the worst possible outcome for a fish farm could be the 
loss of 50% of the fish on the farm. Such a loss would 
be represented by the level of negative net returns that 
would result from the 50% loss of fish. That level of 
negative net returns is multiplied times a 1% chance 
of its occurrence to obtain the expected net returns 
from that outcome. Developing these same expected 
returns for each of the categories of outcomes and then 
summing them develops an estimate of the expected 
net returns that accounts for the riskiness of the total 
enterprise. 

MANAGING RISK THROUGH LEGAL 
TOOLS 

The form of business organization can provide dif¬ 
fering levels of protection from damages due to risk. 
Corporations and limited liability companies and co¬ 
operatives can provide greater protection than can a 
sole proprietorship. Splitting the farm business into 
separate legal entities can result in increased eligibil¬ 
ity for various programs of assistance. Careful estate 
planning will reduce losses at the time of transfer of a 
farm business. 


RISK ANALYSIS THROUGH THE USE 
OF RISK SOFTWARE 

The concept of risk in agriculture enterprises refers to 
the level of uncertainty under which the different farm 
operations are carried out. In aquaculture farms, risk 
can be introduced by many factors. For instance, a fail¬ 
ure in the aeration systems may lead to lethal dissolved 
oxygen (DO) concentrations during the evening hours, 
resulting in a massive fish kill. Incidents of this type 
bring about a reduction in the expected production lev¬ 
els. Risk is then introduced as the farm manager sees 
gross receipts drop to a level that may not be suffi¬ 
cient to cover operating expenses. Repeated episodes 
of low DO concentrations could cause substantial fi¬ 
nancial losses, eventually leading to the closure of the 
operation. 

Uncertainty regarding the technical aspects of aqua¬ 
culture production is not the exclusive source of risk. 
Fluctuations in input and output prices can make the 
difference between profit and losses. Of course, a 
higher degree of variability in prices will translate into 
a higher degree of risk in the operation. Unfortunately, 
risk cannot be measured from the enterprise budgets 
because these budgets are based on average values and 
reflect the expected level of net income generated by 
the farm. Sensitivity analyses represent an approach to 
measure risk. These analyses evaluate at what degree 
enterprise profitability is affected by changes in spe¬ 
cific budget items. However, this type of analysis de¬ 
mands considerable time and effort, particularly if one 
wants to evaluate the effect of two or more changes. 

Fortunately, there are a number of commercially 
available software products that allow the user to in¬ 
corporate a variability component into spreadsheet- 
based enterprise budgets, and to measure the resulting 
risk level. Programs such as Crystal Ball™ (an add¬ 
in program to Microsoft Excel) or @RISK (an add-in 
program to Lotus) are risk analysis tools that can be 
used with standard spreadsheet software programs. 

These programs expand the capabilities of spread¬ 
sheets by allowing the user to define probability distri¬ 
butions in the spreadsheet cells instead of just single 
values. Fish prices may fluctuate widely within rel¬ 
atively short periods of time, for example, and this 
variability is difficult to capture in a single enterprise 
budget analysis. If the long-run mean and standard de¬ 
viation of prices, yields, or other parameters can be 
calculated, means and standard deviations can be en¬ 
tered into the spreadsheet. If the only data available 
are a likeliest, minimum, and maximum value, these 
can be used as a triangular distribution. The various 
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Figure 8.3. Decision tree for 256-acre catfish farm, of increasing aeration. 
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risk analysis programs allow for a wide variety of dis¬ 
tributions to be used. 

The programs then run the enterprise budgets for 
a specified number of iterations. Each iteration uses 
different values for the parameters for which distribu¬ 
tions have been entered. The result is a distribution of 
possible outcomes of profitability. The probability that 
net returns are positive can then be calculated. 

RECORD-KEEPING 

The record-keeping section of Chapter 16 presents in¬ 
formation related to records to measure risk. To man¬ 
age risk, additional records will need to be maintained 
for the various alternative production and management 
options that have potential to reduce risk in the busi¬ 
ness. Detailed information on the seasonality of prices 
of products with potential to diversify the operation 
along with details on the variation in yields of al¬ 
ternative crops will provide the basis for identifying 
risk-reducing alternatives. Files on insurance options 
and nonfarm alternatives to reduce risk will assist in 
making good decisions over time to manage risk. 

PRACTICAL APPLICATION 

Figure 8.3 illustrates a decision tree for the example 
of 256-acre catfish farm facing a decision to increase 


aeration capacity. Increased aeration would allow the 
manager to maintain higher levels of DO in the pond. 
Especially during hot summers, yields would likely be 
higher with greater aeration. Thus, in Figure 8.3, yields 
increase by 500 lb/acre as aeration increases from 1 to 
2 hp/acre. Increasing aeration rates to 3 hp/acre does 
not necessarily increase yields, but would likely in¬ 
crease the probability of achieving good yields. How¬ 
ever, increasing the rates of aeration increases financial 
risk by increasing both fixed (capital costs associated 
with additional aerators) and variable costs (increased 
use of electricity). Overall, the expected value in this 
example of catfish production with 1 hp/acre of aer¬ 
ation is —$95/acre (summing the expected values of 
good, average, and poor yield outcomes) and $60/acre 
for both the 2 and 3 hp/acre options. The values for 
the probabilities and the net returns will vary with the 
overall management strategies used on the farm as well 
as the electricity rates faced by individual farmers. 

OTHER APPLICATIONS IN 
AQUACULTURE 

The onset of Taura syndrome virus (TSV) and white 
spot syndrome virus (WSSV) in the Honduran shrimp 
industry resulted in decreased net farm income by more 
than 80%. Valderrama and Engle (2004) developed a 
linear programming model to evaluate the effects of 
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strategies to manage viral diseases in shrimp farms. 
The management strategies evaluated included reduc¬ 
ing water-exchange rates, reducing stocking rates, and 
chemical treatment of ponds before stocking (Jory 
1999). The model simulations of the alternative man¬ 
agement strategies indicated that implementing the 
prevention programs increased net farm income by 
47% above the levels of those of disease-affected sce¬ 
narios. 


SUMMARY 

Aquaculture businesses must successfully manage a 
variety of risks. This chapter discussed a variety of 
techniques that can be used to manage these risks. 
Skilled managers, who use flexible production and 
marketing strategies, are better positioned to adjust 
and cope with risk. Share leases, strategic inventory 
management, contract sales, hedging, and marketing 
cooperation can be used to manage market risk. 

Diversifying the business can help to offset produc¬ 
tion risks. The key is to produce different crops with 
prices and yields that vary in opposite ways. Estab¬ 
lishing farms in different geographic areas and taking 
advantage of nonfarm revenues and investments can 
also result in reduced production risk. 

Management can reduce financial risk by using fixed 
as compared to variable interest rates, self-liquidating 
loans, and maintaining liquid and credit reserves. 
While insurance can reduce risk for many crops, it 
is not readily available for aquaculture. This is due 
primarily to problems associated with stock control. 

Decision trees, payoff matrices, and regret matrices 
can be used to help make decisions that incorporate the 
riskiness of alternatives. Cash flow budgets can also be 
used to provide insights into the effects of risk. 

REVIEW QUESTIONS 

1. Describe how flexible management can help to 
reduce risk in aquaculture. 

2. Describe how contract sales and hedging can help 
to reduce risk. 

3. Describe efforts to develop futures markets 
for aquaculture products, including salmon and 
shrimp, and indicate the outcomes of these efforts. 


4. Explain how diversification can reduce risk on an 
aquaculture farm. Use several aquaculture exam¬ 
ples. 

5. Describe several types of financial responses to 
risk, with aquaculture examples. 

6. Describe a decision tree. Draw one for an aqua¬ 
culture decision to be made. 

7. Develop a payoff and regret matrix for an aqua¬ 
culture business decision. 

8. List five decision criteria used to make decisions 
under risk. 

9. Describe several insurance programs for aquacul¬ 
ture businesses. 

10. Describe how to use cash flow budgets to plan to 
reduce cash flow. 

ENDNOTE 

1. Australia, Canada, Chile, Denmark, Finland, 
France, Germany, Greece, Holland, Honduras, Ice¬ 
land, Ireland, Italy, Japan, South Korea, Mexico, 
New Zealand, Norway, Portugal, Spain, Sweden, 
Turkey, UK, and USA. 
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Managing Labor 


INTRODUCTION 

Labor in aquaculture, while not the single greatest 
cost, does constitute one of the larger costs of aqua¬ 
culture production. For example, it is the fifth largest 
cost in catfish production (Engle 2007), second largest 
cost in trout production in the United States (Engle 
et al. 2005), fourth largest cost in baitfish production 
(Stone et al. 2008), third largest cost in shrimp farming 
(Valderrama and Engle 2001), and fourth largest cost 
in salmon production (Bjorndal 1990). Perhaps even 
more important is that mistakes and errors commit¬ 
ted by farm workers can have substantial effects on 
the overall farm business. Careful attention to man¬ 
agement of labor can result in a more efficient and 
profitable business. 

What is it that employees need to be motivated to 
be efficient and productive employees? According to 
Olson (2004), attention should be paid to: (1) respon¬ 
sibility; (2) authority; (3) accountability; and (4) com¬ 
pensation when managing labor on the farm. To have 
a sense of belonging, each employee needs to be re¬ 
sponsible for specified tasks. At the same time, each 
needs to have the authority to do the jobs assigned to 
them. With responsibility also comes accountability. 
Setting clear standards for employees and measuring 
the employee’s performance against those standards is 
the key to effective employee management. The level 
of compensation should match the levels of responsi¬ 
bility, authority, and accountability assigned to each 
employee. 

This chapter discusses some of the changing require¬ 
ments of labor for aquaculture businesses, estimating 
the quantity of labor needed, planning for the season¬ 
ality of labor demand and supply, risks associated with 
managing labor, accounting for the costs and efficiency 
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of labor, and substituting capital for labor. It concludes 
with a discussion of issues related to hiring, supervis¬ 
ing, and evaluating labor as well as applicable state 
and federal laws. 


CHARACTERISTICS OF FISH 
FARMING LABOR 

Aquaculture production varies worldwide in its cost 
structure. In some countries, aquaculture continues to 
provide food for household consumption and some 
sales to generate cash for the family. In these situations, 
the labor force for fish production tends to be primarily 
the family itself with little or no hired labor. At the 
other end of the extreme are corporate farms in which 
all management and labor are hired. However, proper 
planning is required for adequate quantities of labor for 
all aquaculture production, whether the farm is a large 
commercial farm or a subsistence farming operation. 
Even if fish farming is primarily for subsistence or 
household consumption, labor shortages can result in 
a failed aquaculture enterprise. 

Labor, unlike capital and some other types of re¬ 
sources used in businesses, cannot be stored. It is a 
flow input that must be used when available or it will 
be lost. Thus, it is important to schedule labor carefully 
to have adequate labor on hand when needed and to 
fully use labor when it is available. 

While there are some exceptions, many fish farms 
continue to be family owned and operated. The ex¬ 
ceptions are found in some concentrated segments of 
aquaculture, such as the salmon industry. However, in 
many sectors of aquaculture, the owner is actively in¬ 
volved in the farm. Spouses and children often provide 
key management and labor services as well. What is 
different about this type of resource is that family labor 
is frequently not compensated directly with wages and 
benefits. The benefits accrue from use of farm revenue 
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to cover living expenses. Thus, the level of compensa¬ 
tion varies as net farm income varies from year to year. 

Full-time employees and especially managers are 
not divisible types of resources. Economists refer to 
these types of resources as “lumpy” because they can 
be acquired only in whole units. Adding or losing a 
full-time manager can constitute a major change in the 
organization of the farm business. This is particularly 
true of smaller farms that have previously been run 
with just the owner-operator. 

QUANTITY OF LABOR 

Experienced managers have a good idea about how 
many workers of various skill levels are needed to 
run their business at its particular size and scope. 


Those starting a new aquaculture enterprise will need 
to rely on other sources of information to identify the 
amount of labor that will be required. Enterprise bud¬ 
gets, extension personnel, other managers, owners ex¬ 
perienced in the business, and consultants can provide 
valuable advice. Information on both the quantity of 
labor needed as well as the level of skill and training 
necessary for each position will be important. 

The information obtained must then be developed 
into an objective estimate of the amount of labor re¬ 
quired for the particular business under consideration. 
Each task required in the business must be itemized. 
The number of hours or days required to complete each 
task should be estimated. 

Table 9.1 provides an example of a form that can 
be used to organize a schedule or plan for the use 


Table 9.1. Form that could be Used to Develop a Labor Schedule and Assess Whether 
Adequate Labor is Available. 


Labor category/task 

Total hours 
available per 
year 

Catfish 

Hybrid 

striped 

bass 

Total hours of 

labor 

available per 
year 

Surplus or 
deficit of 

labor hours 

Owner 






Family 






Manager 






Full-time employee 






Part-time employee 






Management 






Planning 






Marketing/flavor checks 






Feeding 






Analysis of farm performance 






Full-time labor 






Dissolved oxygen monitoring 






Mowing 






Equipment repair and maintenance 






Seining/harvesting 






Total 
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of the labor on the farm. Specific tasks required are 
listed along with the estimated numbers of days and 
weeks required. The current workforce is itemized and 
the difference compared to identify whether there is a 
surplus or deficit of labor in the business. 

The listing of the tasks required in the aquaculture 
business should be subdivided into tasks that are best 
performed by the owner, manager, full-time employ¬ 
ees, and part-time help. In the U.S. catfish industry, 
for example, much of the feeding is done by the owner 
of the farm. This is because feeding is the only time 
that the owner can view the fish and assess their con¬ 
dition. Moreover, feed efficiency is one of the most 
important farm-level efficiencies. Insufficient feeding 
will result in suboptimal growth and yield while ex¬ 
cessive feeding will result in wasted feed, deterio¬ 
ration of water quality, increased demand for aera¬ 
tion, and increased feed costs per pound of catfish 
produced. 

The work tasks should also be subdivided by the 
types of enterprises in the overall farm business. For 
example, if a fish farm raises two species of fish as 
well as two types of row crops, then the labor required 
for each fish crop and each type of row crop should be 
divided out separately. 

Once the tasks required on the farm and the amount 
of time required for each is completed, the total quan¬ 
tity of hours of labor required are summed and divided 
by the average workweek or the average number of 
work hours a year to determine the number of workers 
required. This is done for each type of labor category 
(i.e., management, full-time employees, and part-time 
employees). Estimates for the typical number of stan¬ 
dard man-days or full-time equivalents (FTEs) per acre 
of land have been published for many types of row 
crops. However, this type of information is not typi¬ 
cally available for aquaculture enterprises. 

The FTE is a useful measure because it allows for 
summing the total labor used across both full-time 
and part-time employees. For example, one full-time 
worker employed year-round represents one FTE of 
labor. One seasonal worker who works full time for 
6 months of the year represents 0.5 FTE. Similarly, a 
part-time worker employed year-round but who works 
only 25% of the time represents 0.25 FTE. The total 
number of FTEs of labor across the farm business can 
be summed. 

The estimated number of employees for each cat¬ 
egory of employment should be compared with the 
number of employees available in each category. 
Deficits in a category will indicate the need to hire 


additional workers and should provide an indica¬ 
tion of the types of skills needed for additional 
employees. 

LABOR SCHEDULE 

There often is some degree of seasonality in both the 
labor available for the farm and the need for labor on 
the farm. Greater quantities of labor are frequently re¬ 
quired during spawning season than during other times 
of the year. Similarly, harvesting activities typically are 
more labor-intensive than some other types of activi¬ 
ties. These seasonal demands for labor may be difficult 
to meet for farms that are located in areas without a 
readily available skilled labor force. In some areas, the 
temporary workforce is composed primarily of high 
school students. Students often are not available until 
school is over. If the school year extends beyond the 
beginning spawning season, for example, it may not be 
possible to meet spawning season labor requirements 
with temporary student workers. 

In some cases, seasonal labor demands can be met 
by hiring custom seiners and harvesters, or increasing 
the length of the workday. If hiring temporary workers 
is not an option, it may become necessary to purchase 
additional equipment to reduce the demand for labor 
during those periods. 

The labor schedule that lists the jobs and tasks re¬ 
quired on the farm should also schedule these tasks 
out by month or season of the year. A farm that also 
operates a hatchery will need to apportion its workers 
between the pond operation and the hatchery during 
spawning season. Insufficient labor during spawning 
season may result in a hatchery operation that is less 
efficient than it could be. Thus, for a farm with labor 
needs, as illustrated in Table 9.1, the table should be 
extended to divide the tasks and the amount of time 
required into estimates by month. 

Thus, the goal of the labor schedule is to calculate 
the amount of labor required for each enterprise for 
each month of the year. The unit used typically is 
a man-hour that provides a common denominator to 
allow the manager to add up the labor requirements 
for each enterprise for each month. 

Developing the labor schedule by month also 
demonstrates the months in which there may be a labor 
shortfall. A monthly labor schedule can be thought of 
as a cash flow budget in that periods of labor avail¬ 
ability and shortages can be identified. A carefully 
thought out monthly labor schedule provides a sound 
basis from which to make plans in advance to hire 
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additional workers to avoid labor shortages and costly 
downtime. 

The labor schedule also indicates which types of 
crops and enterprises are the most labor-intensive and 
which contribute the most to labor deficits. Alternative 
actions that can be taken to manage labor deficits may 
include hiring additional seasonal or part-time help 
during those periods, changing from labor-intensive 
to less labor-intensive crops and enterprises, improv¬ 
ing output and productivity per worker, or substituting 
equipment for labor. 

QUALITY REQUIRED OF LABOR 

Aquaculture technologies tend to be more complex 
and sophisticated than those in some other types of 
farming businesses. As fish farms have intensified, 
the complexity of the business and the skill level re¬ 
quired of workers has also increased. Increasing regu¬ 
lations for aquaculture businesses have also increased 
the requirement for businesses to select employees 
with the capability of complying with the sampling, 
monitoring, and record-keeping practices mandated by 
regulatory authorities. Other requirements may in¬ 
clude training for pesticide applications. Hazard Anal¬ 
ysis of Critical Control Points (HACCP) plans, and 
other employee certifications. 

Fish farms require a variety of types of skills. Man¬ 
agers must be familiar with fish culture practices, wa¬ 
ter quality, repairs and maintenance, purchasing, mar¬ 
keting, accounting, and labor management. Individual 
employees with each of these types of skills will be 
needed. Many farms require a dedicated mechanic to 
service and maintain the various types of equipment 
on the farm. Accountant and legal support will be nec¬ 
essary either on a full-time or contract basis. 

Associated Risks 

Hiring labor is a management decision that entails a 
certain degree of risk, as do other decisions. The im¬ 
mediate risk associated with labor involves not having 
sufficient labor available on the farm when needed 
to complete essential tasks in a timely manner. How¬ 
ever, poor quality labor is another source of risk. Poor 
quality labor results in lower levels of efficiency and 
possibly expensive mistakes with equipment, fish mor¬ 
talities due to poor handling, or poor morale due to 
conflicts among employees. 

If the farm experiences high rates of labor turnover, 
the retraining costs and periods of insufficient labor can 
be costly to the business. Employee conflicts among 
each other can also result in reduced efficiencies and 


higher costs. Risks associated with hiring labor can 
be reduced by planning carefully, maintaining open 
lines of communication, and maintaining the business 
current with the laws associated with labor. 

LABOR COSTS 

Labor costs can be treated as either fixed or variable 
costs, depending on the particular situation of the farm, 
the type of labor required, and the type of compensa¬ 
tion structure and plan used on the farm. For example, 
the cost associated with a manager whose salary is 
supported by a long-term contract is a fixed cost. This 
is so because if the contract provides for that salary to 
be paid regardless of whether there is a good or poor 
crop that year, then the cost of the salary is a fixed 
cost. If part-time or seasonal workers are hired only 
if a good crop is expected and are laid off if there are 
problems with the crop, then those costs are variable 
costs because they vary with the amount of product 
produced. 

LABOR-CAPITAL SUBSTITUTION 

Purchasing additional equipment may reduce the need 
for labor in the business. Partial budgets can be used 
to compare the net change in the farm business from 
hiring labor or substituting some of the labor with new, 
labor-saving equipment. 

Capital to purchase equipment has been used to re¬ 
place labor over time in many developed countries. 
Wage rates have increased over time and the relative 
costs of labor have increased as a consequence. Thus, 
in some cases, equipment can be less expensive than 
labor to accomplish the same tasks. In other cases, 
equipment is substituted for labor to increase the scale 
and total volume of production. Use of equipment can 
ease the more burdensome tasks associated with aqua¬ 
culture production and make work on a fish farm eas¬ 
ier and more attractive. Appropriately sized equipment 
can increase the efficiency of labor, resulting in shorter 
times required to complete tasks. 

LABOR EFFICIENCY 

The efficiency of labor on the fish farm is affected 
by the type of business and the required skill level, 
the number and types of enterprises on the farm, the 
amount of equipment on the farm, and the level of 
training and skill of the workforce. The efficiency of 
labor can be measured in a number of different ways. 
FTEs can be calculated as a metric of the use of labor. 
Other indicators that can be used include: (1) value 
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of farm production per person; (2) labor cost per crop 
acre; and (3) crop acres per person. 

The value of farm production per person divides 
the total value of all the production on the farm by the 
FTEs on the farm. This indicator will be affected by the 
size of the business, the level of equipment available, 
and the specific types of fish crops raised on the farm. 

The labor cost per crop acre divides the total labor 
cost on the farm by the number of crop acres on the 
farm. Reducing this value over time indicates that the 
efficiency of use of labor is increasing. It is important 
to include the opportunity cost of all family labor used 
on the farm. 

The number of crop acres per person is calculated 
by dividing the total number of acres in production by 
the FTEs of labor. Increasing efficiency of labor will 
result in higher numbers of crop acres managed for 
each FTE. 

In some cases, increasing the use of equipment on 
the farm can increase the efficiency of labor. However, 
this will only be the case if the substitution increases 
revenues or if total costs are reduced. 

At times, labor efficiency can be increased by mak¬ 
ing policies and procedures simple. Well-maintained 
equipment, having all necessary tools and equipment 
available on the farm, and clearly defined instructions 
can all improve the efficiency of labor. Efficient com¬ 
munications are facilitated with adequate cell phones 
or other communication mechanisms for all relevant 
workers. Safe and comfortable working conditions can 
also enhance labor efficiency by improving employee 
morale and maintaining conditions more favorable to 
preventing injuries and illness. 

MANAGING LABOR 

Satisfied employees will generally be more productive 
employees who stay with the business longer. Main¬ 
taining low employee turnover will reduce the costs 
associated with training new employees. Job satisfac¬ 
tion stems from factors that include the ability to do 
a task well and be recognized for it. It also requires 
that the individuals find the job interesting and useful. 
Most individuals also need to feel that they have some 
control over some part of their tasks. Lastly, the oppor¬ 
tunity for advancement is important to many aspects 
of job security. 

On the other hand, j ob dissatisfaction can result from 
disagreement with rules and procedures, high stress, 
and dislike of and disagreement with one’s boss. Low 
compensation frequently is a source of dissatisfaction 
as well as poor or unsafe working conditions. 


Duties and responsibilities 

1. Supervise other employees on farm 

2. Stock, sample, and harvest fish 

3. Feed fish daily 

4. Have fish flavor checked 

5. Monitor water quality 

6. Purchase feed and other inputs 

7. Maintain records and annual analyses of farm per¬ 
formance 

8. Keep owner informed of progress and status of crop 
Authorities 

1. Purchase feed, fingerlings, and other inputs 

2. Decide on stocking densities, feeding rates, aera¬ 
tion rates 

3. Ensure that equipment is maintained properly 
Authority 

1. Manager will report to owner 

2. Expenditures made must be appropriate and within 
budget 

3. Machinery has to be maintained 

4. Ponds and fish must be cultured and maintained 
properly 

Evaluation standards 

1. Equipment and tractors must be maintained prop¬ 
erly 

2. Fish must be fed properly 

3. Ponds must be mowed properly 

4. Purchases remain within budget 

5. Tasks must be completed on time 
Minimum qualifications 

1. Experience in fish culture 

2. Able to order and buy parts and supplies 

3. Experience in supervising other employees 

Figure 9.1. Job description for a fish farm manager for 
a 500-acre fish farm. 


Figure 9.1 provides an example of a job description 
for a fish farm manager. The job description lays out the 
expectations and responsibilities of the position. This 
will help in recruitment, interviewing, and ultimately 
in selecting the individual for the position. 

Moreover, the description of the various types of 
tasks required for the position provide an outline for the 
types of training that will be needed. Even if the worker 
has been employed in a similar position previously, 
training will assist the employee to adjust to the spe¬ 
cific farm and its individual conditions and equipment. 
Maintaining an attitude of continuous improvement 
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through training is an important characteristic of suc¬ 
cessful businesses. Training on safety procedures, for 
pesticide applicator certification, and attending exten¬ 
sion programs and workshops are all important parts of 
managing labor in a way that will keep farm practices 
current and up-to-date. 

All workers must also be evaluated at least annually 
and often more frequently. More frequent corrections 
and affirmation of proper actions are important for 
overall, long-run performance. More frequent evalua¬ 
tion sessions are needed early on to ensure that em¬ 
ployees are trained properly and often will reduce the 
need for supervision over the longer term. 

The basis for evaluation should be the specific tasks 
and performance standards specified in the original job 
description. Standards that are very specific and lack 
vague terms are more effective so that the employee 
understands exactly what is expected. Evaluations 
should reflect both the quantity and the quality of the 
work performed. 

The evaluation conference is the time to discuss 
whether the employee met the standards or not. Con¬ 
structive suggestions for how to improve performance 
are often more effective than strictly negative com¬ 
ments. If the overall evaluation score is negative, ac¬ 
tion must be taken to retrain the employee, reassign 
him/her, reevaluate the employee as to whether he or 
she may have just had a bad day, or to terminate his or 
her employment. 

COMPENSATING EMPLOYEES 

While most employees view compensation primarily 
in terms of the dollar amount of the wage, the total 
compensation may include other incentives such as 


housing, a vehicle, and other benefits. Wage rates are 
affected by the cost of living in the area, prevailing 
wage rates, minimum wage rates, and other regulations 
that affect labor. If wage rates in the area are more 
than the farm can afford, alternatives to labor such as 
acquiring additional equipment should be considered. 

Compensation should be based on the work that is 
needed from the employee. Many fish farms pay a 
bonus for production above a certain base level. This 
provides an incentive for the manager or worker to 
attempt to maximize yields. In industries with sub¬ 
stantial economies of scale, this may be important to 
achieve a low-cost scale of production. However, if 
bonuses for increasing production lead the farm to 
produce at a level above the profit-maximizing level, 
a profit-sharing plan may be more appropriate. Farm 
units that operate under a corporate type of structure 
may have production quotas that may perform better 
with a bonus incentive structure based on the cost per 
pound of production. 

Partial budgets can be used to evaluate various types 
of incentives. For example. Table 9.2 illustrates a par¬ 
tial budget to compare a profit-sharing bonus incentive 
program for the farm manager to a production bonus 
incentive program. The example is for a 500-acre cat¬ 
fish farm that currently averages 6,000 lb/acre/year, 
with the 6,000 lb/acre/year yield corresponding to the 
profit-maximizing stocking and feeding rates. How¬ 
ever, the farm is capable of producing a maximum yield 
of 7,000 lb/acre/year. If an additional $0.10/lb/year is 
paid to the manager who then achieves the maximum 
possible yield of 7,000 lb/acre/year, the additional pro¬ 
duction would be 1,000 additional pounds per acre or 
500,000 additional pounds across the farm. At an av¬ 
erage price of $0.70/lb, additional revenue would be 


Table 9.2. Partial Budget to Compare a Bonus Incentive Program Based on Sharing Profit 
as Compared to One Based on Yields above a Base Level, 500-acre Catfish Farm. 


Additional costs 

Additional revenue 

Increase in costs of production of $0.09/lb for 

1,000 additional lb/acre/year @ $0.70/lb = 

7,000 lb/acre = $315,000 

$350,000 

Salary increase of manager by $0.10/lb = 


$50,000 


Total additional costs = $365,000 

Total additional revenue = $350,000 

Reduced revenue = $0 

Reduced costs = $0 

Total additional costs = $365,000 

Total benefits = $350,000 

Net change = —$15,000 



Yields increase from 6,000 to 7,000 lb/acre/year. 
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$350,000. The manager would then receive the addi¬ 
tional $0.10/lb, for a total salary increase of $50,000. 
However, because the 7,000 lb/acre/year yield is higher 
than the profit-maximizing level of yield, costs have 
risen faster than revenue. Additional aeration equip¬ 
ment are required and feed conversion ratios decrease 
with the result that the costs of production increase by 
$0.09/lb. Total additional costs are $365,000. There is 
no reduced revenue; thus, the total cost of switching 
to a production bonus system is $365,000, $15,000 
greater than the additional revenue. The proposed 
change is not warranted, based strictly on the rel¬ 
ative costs and benefits that would result from this 
change. 

LABOR RELATIONS 

There are a number of federal laws that regulate la¬ 
bor and wage rates. In the United States, minimum 
wage laws apply to employers who use more than 500 
person-days of labor a quarter. Agricultural workers 
are not entitled to overtime pay, but state laws can enact 
more stringent levels. Social security (FICA, Federal 
Insurance Contributions Act) must be withheld from 
the wages, and the employer must match the amount 
charged to each employee. Farm owners are also obli¬ 
gated to withhold federal income taxes. 

Some states require that employers maintain work¬ 
ers’ compensation insurance for workers. Workers’ 
compensation pays a fixed compensation for illnesses 
or injuries. Employers also typically pay both state and 
federal unemployment tax. These taxes are used to pay 
part of an employee’s income if the employee becomes 
unemployed. 

Other federal regulations (Fair Labor Standards Act 
in the United States) require that employees be at least 
16 years old to be employed to do farm work after 
school hours. Moreover, additional restrictions apply 
to operating farm equipment or working with haz¬ 
ardous substances such as pesticides and other chemi¬ 
cals. The Occupational Safety and Health Act (OSHA) 
in the United States requires that workplaces be safe 
and healthy for employees. 

In the United States, there has been an increasing 
proportion of fish farm workers hired from Mexico 
and other Latin American countries. This change in 
the labor force requires that farm owners become fa¬ 
miliar with and understand the Immigration Reform 
and Control Act. While some Hispanic families have 
settled permanently in the United States, others pre¬ 
fer to return home for several months over the winter. 


There are attorneys who specialize in providing immi¬ 
gration assistance to farm owners who hire Hispanic 
workers. 

RECORD-KEEPING 

Records to be kept on labor include information on 
each employee that includes the basic types of person¬ 
nel information on contact and personal identification 
information. Hours worked by week and month should 
be recorded along with periodic performance evalua¬ 
tions. 

PRACTICAL APPLICATION 

A partial budget was developed to examine whether 
it was more or less profitable for a catfish farm to 
hire a crew for on-farm seining than to use custom 
harvesters for the various farm sizes. To do their own 
seining, farmers would need to purchase the equip¬ 
ment needed (seine, seine reel, boat, trailer, motor, 
and fish loader) and have an adequate amount of la¬ 
bor available. The seining equipment would cost about 
$13,100, with an annual depreciation of about $1,588. 
The smaller farm sizes would need only one set of 
equipment. On the 431-acre farm, one full-time sein¬ 
ing crew could handle seining each pond twice a year. 
However, to seine three times a year would require a 
second seining crew. A 1,007-acre farm would need 
three sets of seining equipment and crew under these 
assumptions. 

Table 9.3 itemizes the additional labor that would be 
required to do all the seining on farm. Ponds were as¬ 
sumed to be 10 acres each. Seining was assumed to re¬ 
quire six people all together. The number of additional 
workers required was obtained by subtracting the num¬ 
ber of individuals available (including unpaid family 
labor) from the six required. Ponds were assumed to 
be seined either two or three times a year. It was also 
assumed that a working day was 10 hours/day, and that 
the additional labor was valued at $6.50/hour. 

Hiring enough full-time, permanent employees to 
provide for on-farm seining appears to be possible 
only on the two largest farm sizes, 431 and 1,007 acres 
(Table 9.3). The 60-acre farm, for example, would 
need to hire 4.5 additional workers, but only needs 
720 hours of labor for seining. Hiring 4.5 full-time 
individuals will provide 2,600 hours of labor a year 
from each worker, or 11,700 hours a year, but only 
720 hours are needed for seining, if ponds are seined 
twice a year (1,080 hours if seined three times a year). 
There would be enough seining work to justify hiring 
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Table 9.3. Labor Requirements and Value to add a Seining Crew to Varying Sizes of Catfish 
Farms. 


Additional 
workers 
required for 

Workers seining and 

Farm size available Number available 

(acres) on farm of ponds* hours'! Labor required for seining and value 


Two times/year* Three times/year- 



Number 


Number 

Hours 

Hours^ 

$ 

Hours 

$ 

60 

1.5 

6 

4.5 

11,700 

720 

4,680 

1,080 

7,020 

131 

2 

13 

4 

10,400 

1,560 

10,140 

2,340 

15,210 

256 

3 

25 

3 

7,800 

3,000 

19,500 

4,500 

29,250 

431 

6 

43 

0 

0 

5,160 

33,540 

7,740 

50,310 


6 

100 

6 

15,600 

5,160 

33,540 

7,740 

50,310 

1,007 

14 

100 

4 

10,400 

12,000 

78,000 

18,000 

117.000 


* Assuming most ponds are 10 acres each in size. 

^Seining crews are assumed to require 6 men each; 1 crew for 60-, 131-, 256-. and 431-acre farms. A second crew would be needed to seine each pond 
three times per year on the 431-acre farm and three crews would be needed for the 1.007-acre farm. 

110 hours/day (2,080/8 hours/day = 260 work days in a year); = 2,600 hours/year per worker. 6 men x 10 hours to seine, stake, and load a pond once = 
60 hours x 2 times/year =120 hours/pond =180 for 3 times/year. 

§ Seining three times a year would require a second seining crew. 

“Labor is valued at $6.50/hour. Management is assumed to be present on farm. 


the additional people needed for seining only on the 
431- and 1,007-acre farms. Smaller farm sizes may 
be able to hire hourly labor as needed if there is an 
adequate local pool of labor. Similarly, for the 131- 
acre farm, four additional workers would be needed, 
but only 1.560 hours of labor are needed. In areas of 
labor shortages, the smaller-scale farms may need to 
depend on custom harvesters. 

Table 9.4 presents the partial budgets developed to 
estimate the total net benefit of switching to on-farm 
seining from custom harvesting. There was no ad¬ 
ditional revenue. There would be a reduced cost of 
$0.02/lb of fish harvested that would no longer be paid 
to the custom harvester. The hauling cost of $0.03/lb 
would continue to be charged. The additional costs 
consist of the annual depreciation of the seining equip¬ 
ment (seine, seine reel, boat, trailer, motor, and fish 
loader), interest on the investment in the additional 
equipment (to account for either an additional equip¬ 
ment loan or the value of using that capital for some¬ 
thing else), and the additional labor. There was no re¬ 
duced revenue. An on-farm seining crew was assumed 
to be as proficient at seining as a custom harvester. The 


total additional costs increased from $7,578 to $86,694 
as farm size increased. 

Total net benefits (total additional revenue — total 
additional costs) were negative for the two smallest 
farm sizes (60 and 131 acres). It was more profitable 
for the larger farm sizes to hire seining crews. Thus, 
based strictly on costs, it was more profitable for the 
smaller farms to use custom harvesters. However, there 
may be other reasons for on-farm seining, depending 
on markets and management strategies. 

These results will vary with yields on the farm. The 
more fish seined on the farm, the lower the cost/lb of 
hiring a seining crew. Table 9.4 also indicates how 
high yields would have to be on the various farm 
sizes to justify the additional costs associated with 
on-farm seining. These ranged from 6,322 lb/acre for 
the 60-acre farm to 4,375 lb/acre for the 256-acre farm. 
Farms with yields higher than these breakeven yields 
may find it more profitable to switch to on-farm sein¬ 
ing, if they can find appropriate amounts of labor. On 
the 60-acre farm, for example, this would mean be¬ 
ing able to hire hourly labor as needed for seining 
events. 
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Table 9.4. Partial Budgets of Switching from Custom Seining to On-farm Seining. 

Farm size (acres) 


Partial budget category 

60 

131 

256 

431 

1,007 

Additional revenue 

0 

0 

0 

0 

0 

Reduced costs 

$5,400 

$11,790 

$23,040 

$38,790 

$90,630 

Total additional revenue 

Additional costs 

$5,400 

$11,790 

$23,040 

$38,790 

$90,630 

Annual equip, depreciation* 

1,588 

1,588 

1,588 

1,588 

4,764 

Interest, additional capital 

1,310 

1,310 

1,310 

1,310 

3,930 

Labor 

4,680 

10,140 

19,500 

33,540 

78,000 

Reduced revenue* 

0 

0 

0 

0 

0 

Total additional costs 

$7,578 

$13,038 

$22,398 

$36,438 

$86,694 

TOTAL NET BENEFITS 

-$2,178 

-$1,248 

$642 

$2,352 

$3,936 

Breakeven production (lb)§ 

379,350 

651,900 

1,119,900 

1,966,800 

4,479,600 

Breakeven yield (lb/acre) 

6,322 

4,976 

4,375 

4,563 

4,448 


*$0.02/lb harvested charged by custom harvesters. 

^Total cost of one set of equipment needed for seining is $13,100. This includes a seine, seine reel, boat, trailer, and motor, and a fish loader. The 431-acre 
farm will need one set if seining twice a year and two if seining three times a year. The 1,007-acre farm will need three sets of seining equipment. 

*An on-farm seining crew is assumed to be equally proficient as a custom harvester. 

§ Divided additional costs by the $0.02/lb saved by on-farm seining. Assuming hiring the hours required to do all the seining and seining two times/year. 


OTHER APPLICATIONS IN 
AQUACULTURE 

Agriculture and aquaculture in Rwanda are primarily 
subsistence farming activities (Jones and Egli 1984). 
Engle et al. (1993) examined the trade-offs between 
the benefits and labor resources required for fish pro¬ 
duction in Rwanda. 

A survey was conducted of 55 fish farmers in 
Rwanda. The most striking result from the survey 
was that the principal resource used to produce fish 
in Rwanda was labor. Ponds were constructed by hand 
by family members and thus represent an investment 
of labor, not capital as in cash economies. The pri¬ 
mary variable resource used to produce fish was com¬ 
post made from vegetative matter that was cut or ob¬ 
tained from weeding other crops. Thus, its availability 
was related to the labor used to acquire it. The great¬ 
est quantities used of labor were to build the ponds 
and to cut grass and pull weeds to make compost. 
Measures of labor efficiency were estimated to com¬ 
pare the attractiveness of fish production to that of 
producing other types of crops and to produce fish 
across different climatic zones. Such an indicator pro¬ 
vides a means for evaluating management changes re¬ 
lated to the allocation of labor to improve farm-level 
efficiencies. 


SUMMARY 

This chapter reviewed some basic principles related to 
managing labor resources in an aquaculture business. 
In some types of aquaculture businesses, labor costs 
can be substantial. Much of the work in aquaculture 
requires high degrees of skill and a certain degree of 
specialized skill. It is critical to plan carefully to be 
certain to have the quantity and quality of labor re¬ 
quired for the farm business to be efficient. Carefully 
prepared lists of job tasks and a detailed labor sched¬ 
ule by month will provide a basis for the manager to 
assess the likelihood of labor shortages at certain times 
of the year. Options to manage labor shortages can in¬ 
clude hiring custom operators, temporary workers, or 
even purchasing additional equipment to substitute for 
labor. Various indicators of labor efficiency are pre¬ 
sented and discussed. The chapter concludes with a 
discussion of regulations that affect labor. 

REVIEW QUESTIONS 

1. What are some of the unique characteristics of 
agricultural labor? 

2. Describe the best ways to plan out the quantity and 
quality of labor needed for the farming business. 
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3. What is an FTE and how is it used? 

4. Describe the effects of the seasonality of labor on 
the overall efficiency and operation of the farm 
business. 

5. Are labor costs fixed or variable costs? Use exam¬ 
ples from aquaculture to justify your answer. 

6. Can capital be used to substitute for labor? Give 
examples from aquaculture farms. 

7. List five different indicators of the efficiency of 
use of labor and what each describes. 

8. List the major federal regulations that affect farm 
labor. 

9. Describe various types of risk associated with 
managing labor. 

10. Describe the management process involved in re¬ 
cruiting, selecting, and retaining farm workers. 
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The Enterprise Budget and Partial 
Budgeting in Aquaculture 


INTRODUCTION 

The enterprise budget has been the cornerstone of most 
production economic analysis. Indeed, some aquacul- 
turists consider the enterprise budget to be the only 
type of economic analysis in aquaculture. This is be¬ 
cause aquaculture, at least in the Western hemisphere, 
is still a relatively new type of production activity or 
enterprise. For new activities, the first economic ques¬ 
tion that arises is: is it profitable? 

For example, in the U.S. catfish industry, early cat¬ 
fish budgets were developed to answer a simple ques¬ 
tion of whether or not catfish farming was profitable. 
There are numerous examples of these estimates in the 
literature in the late 1960s and early 1970s. The ma¬ 
jority of these showed that it was possible, even with 
the technologies available at that time, to make prof¬ 
its from catfish production. Later efforts developed 
more comprehensive enterprise budgets that enabled 
researchers to explore fundamental economic relation¬ 
ships. 

Enterprise budget analysis continues to be an im¬ 
portant first step in analysis of the economics of pro¬ 
duction, particularly as new technologies continue to 
be developed. 

To a farmer, any published enterprise budget analy¬ 
sis should be viewed strictly as a guide to finding the 
answer for a particular farm. The budget itself will not 
have the answer for any particular farm. This is because 
all enterprise budgets are based on a host of assump¬ 
tions for each individual budget. Budget analysis is a 
necessary step in most production economics research, 
but it is a static analysis that cannot take into account 
factors such as: (1) fluctuations in prices, yields, and 
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costs; (2) farming systems interactions among labor, 
marketing, and resource constraints; (3) issues related 
to the production or financial risk of a particular tech¬ 
nology; (4) social, economic, or welfare effects of the 
technology; or (5) market factors. 

Enterprise budgets include all the relevant costs and 
returns from a particular enterprise. However, to ana¬ 
lyze the effect of making a small change in the pro¬ 
duction process, a partial budget is often more ap¬ 
propriate. The partial budget is used to calculate the 
expected change in profit for a proposed change in the 
farm business. A partial budget analysis includes only 
those income and expense items that will change if the 
modification to the farm plan is made. 

This chapter describes the structure of an enterprise 
and partial budgets and illustrates how to calculate 
the various costs and revenues required. It will also 
provide examples of how to interpret and use the in¬ 
formation provided by enterprise and partial budgets. 

THE ENTERPRISE BUDGET 

Enterprise budgets provide a fairly simple and readily 
understandable measure of profitability of a specific 
production activity (enterprise). The enterprise budget 
indicates whether the activity proposed is profitable 
or not. It also indicates how profitable the enterprise 
is likely to be. Enterprise budgets typically also in¬ 
clude an analysis of breakeven prices and yields. These 
provide valuable information related to the price that 
must be obtained for the enterprise to be profitable 
(breakeven price) and the yield that must be produced 
for the enterprise to be profitable (breakeven yield). 

An enterprise budget is an estimate of all income and 
expenses associated with a specific enterprise and an 
estimate of its profitability (Kay et al. 2008). A budget 
is a snapshot that freezes all assumptions and values at 
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one point in time; thus, it is a static analysis. It provides 
an estimate of the potential revenue and expenses for 
a single enterprise on the farm, and also an estimate 
of profitability for the set of assumptions and values 
selected for the budget. Different levels of production 
and different technologies each require a separate en¬ 
terprise budget. Thus, a shrimp enterprise may have a 
series of budgets, each for a different stocking rate. 

The bottom line of the enterprise is what indicates 
both whether the enterprise is profitable and the degree 
of its likely profitability. This measure is referred to 
as net returns. If the estimated value of the net returns 
is positive, then the enterprise is profitable. If the net 
returns value is a negative number, then the enterprise 
is not profitable. 

The magnitude of the value of the net returns in¬ 
dicates how profitable the enterprise is. For example, 
if a tilapia farm shows net returns of $1.00, it is a 
profitable enterprise. However, at $1.00 of profit for 
the entire enterprise, it clearly is not a very profitable 
enterprise. These net returns are not likely to be high 
enough for an individual to be attracted to this enter¬ 
prise. Nevertheless, it must still be judged as profitable 
as long as the value is positive. 

An enterprise budget must be developed for a spe¬ 
cific type and size of production unit. Writing out a 
clear description of the specific production unit to be 
evaluated will aid in identifying the types of costs to 
be incurred and in developing estimates of the quan¬ 
tities of inputs and resources to be used. A budget 
can be developed for a variety of sizes and types of 
enterprises. Thus, a budget can be developed for an 
individual pond, or a whole-farm budget can be devel¬ 
oped for the entire farm. The decision as to the best 
unit to use for the budget depends on the specific use 
of the analysis. If the intent is to compare pond-based 
production methods, a budget for an individual pond 
may be best, but if the question to be answered is a 
farm-wide technology, then a whole-farm budget may 
be most appropriate. 

Different production technologies will require sep¬ 
arate enterprise budgets. Ponds, raceways, cages, net 
pens, and tanks will each require separate budgets. The 
relative importance of different types of costs will vary 
across different production technologies and systems. 
Different types of inputs may be used for different pro¬ 
duction systems. Thus, the first step in constructing an 
enterprise budget is to identify the specific produc¬ 
tion system, species to be raised, and critical produc¬ 
tion and input levels. These include the size of fish 
to be stocked, the stocking density, yield (lb/acre) of 
marketable-sized product, and feed conversion ratio. 


Most enterprise budgets are developed for a time pe¬ 
riod of 1 year, but in cases of a multiyear crop, it may 
be more useful to develop a 2-year budget. 

Structure of an Enterprise Budget 

A budget is generally defined as a structured system 
for estimating values of the revenue generated and the 
costs incurred. Thus, the enterprise budget itemizes the 
types, quantities, and prices of products to be sold by 
the enterprise. All costs associated with that particular 
production activity are also itemized by types, quanti¬ 
ties, and prices. The revenues are then compared to the 
costs to determine whether there is adequate revenue 
to cover all costs. If so, the enterprise is profitable. 

The most useful enterprise budgets are those that 
include sufficient detail to fully understand each spe¬ 
cific line item. Column headings typically include the 
name of the item, its description, the unit of measure 
used, its cost for the unit specified, the quantity to be 
used of that unit for the time period specified, and 
the total cost or value for that particular item for the 
specified time period, production system, production 
technology selected, and level of production selected. 
The first column lists the various items to be included. 
The second column lists a description of each item. It 
is important that each item be thoroughly described. 
The next column indicates the unit used. This must be 
specified carefully and is usually selected based on the 
most common unit of purchase or sale. 

Estimates of revenue typically are the first category 
in the budget. A separate line is used for each type 
of product to be sold. For example, if an enterprise 
budget is developed for a pond that is in production of 
both shrimp and tilapia, there would be two separate 
revenue lines, one for shrimp and one for tilapia. If 
prices differ by size for shrimp and tilapia, then addi¬ 
tional revenue lines are required. If, for example, the 
price per pound of large tilapia (greater than a pound) 
is higher than the price of smaller tilapia, then separate 
revenue lines are needed for each size of tilapia. The 
name of the item might be tilapia for each row, but the 
description would specify the size range within which 
price remains the same. The description might simply 
be “average weight greater than a pound” or “average 
weight less than a pound.” The unit of sale is specified 
for each type of product sold. For most types of fish, 
the unit of sale is often a weight measure, such as a 
pound or a kilogram. However, other units are some¬ 
times used. Fingerlings may be sold as a price per 
1,000 fingerlings or shrimp postlarvae may be sold as 
a price per million postlarvae. The unit should reflect 
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the most commonly used unit of sale for ease of un¬ 
derstanding. Prices used should be based on historical 
price levels, trends, and price outlooks. 

The next column indicates the price of the unit for 
sale. If salmon is purchased by the pound, then the 
price should be the price per pound. If the product 
to be sold is a unit of 1,000 fingerlings, then the price 
should be the price per 1,000 fingerlings. Similarly, for 
shrimp postlarvae sold in units of a million postlarvae, 
the price should be the price per million postlarvae. 
The next column indicates the quantity to be sold. 
This quantity should represent the quantity of product 
projected to be sold. It must be expressed in appropriate 
units. If the unit of analysis of the enterprise budget is 
one 10-acre pond, then the pounds of fish to be sold 
should be the total weight of pounds to be sold from 
that one 10-acre pond. It is incorrect to specify the 
quantity as a yield in lb/acre, or to include the total 
weight from the entire pond if the budgetary unit of 
analysis is one 10-acre pond. The quantity should be 
based on historical yields and trends and the type and 
amount of inputs to be used. The price expected to be 
received for the products is multiplied by the quantity 
projected to be sold to obtain the total revenue for the 
final column. 

Once the revenues are estimated, the next broad cat¬ 
egory for the budget is to estimate the costs. There 
are two broad categories of costs, fixed and variable 
costs. These are also referred to at times as ownership 
(fixed) and operating (variable) costs. The difference 
between the two types of costs is in their respective re¬ 
lationship to the volume of production. Variable costs 
increase as production levels increase. For example, if 
a farmer stocks ponds at a higher rate and produces 
more pounds of fish, feed costs would go up because 
the farmer would feed more feed at the higher stock¬ 
ing and production levels. Because the quantity of feed 
fed increased with the higher production levels, feed 
would be a variable cost then. Similarly, the farmer 
would likely have to aerate more at higher stocking 
and feeding rates. Thus, the total quantity of electric¬ 
ity and fuel used on the farm would increase as the 
production levels increased. Thus, electricity and fuel 
costs would also be variable costs. 

In the enterprise budget, the variable costs fre¬ 
quently are listed first. Typical types of variable costs 
include fingerlings, feed, electricity, fuel, repairs and 
maintenance, any chemical use, and labor, particularly 
hired labor. These are all examples of the types of costs 
for which the total amount of the cost will increase with 
expanded production levels and will decrease if pro¬ 
duction levels are decreased. Expanding production 


quantities by building more ponds will require more 
fingerlings, more feed, more energy, and more labor. 
Conversely, selling off a portion of the farm will re¬ 
sult in a decrease in the total quantity of fingerlings, 
feed, and energy used. Thus, these types of inputs are 
variable inputs and their costs are variable costs. 

The total cost of each variable cost item is calcu¬ 
lated in a manner similar to that described earlier for 
revenue. For instance, for feed, each type of feed that 
has a different price and quantity is listed on a sepa¬ 
rate row. For example, a farm may purchase one type 
of feed for its growout ponds and a different type of 
feed for fingerlings. If the budget is for the entire farm, 
then both types of feed must be listed in the enterprise 
budget. The unit of sale is included. Typically, the unit 
of sale for feed is ton. In countries where metric units 
of measure are used, this would be a metric ton. The 
price, then, is the price per ton for the growout feed 
used. The price per ton of fingerling would be specified 
in the proper row. The price of each feed is multiplied 
by its respective quantity to obtain the total cost for 
each type of feed. Input prices can be determined by 
contacting input suppliers. Fuel use and machinery 
repairs are frequently calculated by dividing the to¬ 
tal expenses for the farm by the number of acres and 
multiplying by the number of acres per pond. Interest 
on the operating capital is included in variable costs. 
It is charged for the period of time it has been bor¬ 
rowed. For example, if operating capital is borrowed 
for only 10 months at an interest rate of 6%, annual 
percentage rate, the proportion of the year (10/12) is 
multiplied times the annual percentage rate (6%). The 
same process is repeated throughout the budget. When 
all the variable cost items have been estimated, these 
are summed to obtain total variable costs. 

In the next section of the enterprise budget, fixed 
costs are specified. Fixed costs include depreciation, 
interest on investment, taxes and insurance, and any 
other costs that are not related to the level of produc¬ 
tion of the business. Inset 10.1 describes the calcu¬ 
lations to determine annual depreciation. Fixed costs, 
on the other hand, are costs that are incurred irregard- 
less of the level of production. Fixed costs are in¬ 
curred whether there is a bumper crop produced or no 
crops are produced. Examples of fixed costs are taxes, 
contractual salaries, and insurance. Land and property 
taxes would have to be paid even if the entire crop of 
fish was lost due to disease. The same amount of land 
and property taxes would be paid if there were no fish 
produced that year or if there was a bumper crop of 
fish produced. If the manager or foreman of a farm is 
contracted in such a way that he/she would need to 
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Calculating Depreciation 

Depreciation must be calculated for all capital goods (goods with a useful life greater than a year). Capital goods 
such as buildings and equipment are necessary for aquaculture production. However, their use in aquaculture 
production results in their aging, obsolescence, and become worn out, losing value as a consequence. This 
loss in value is a business expense because it is related directly to the asset’s use to produce revenue and profit. 
To be considered a depreciable asset, the capital good must have a useful life of more than 1 year and a useful 
life that can be quantified. From an accounting perspective, the cost of the asset must be matched with the 
periods when it produces revenue. Calculating depreciation can be thought of as putting aside money within 
the business to replace equipment and buildings at some point in the future. It is also a way to spread the 
purchase cost across the years that it will be used; it would not be correct to charge it out all in 1 year. For 
example, if a piece of equipment will be used for 5 years, it would not be correct to charge the entire cost to 
purchase that piece of equipment in just 1 year. Thus, calculating annual depreciation is a way to determine 
an annual replacement cost for each piece of equipment and for each capital item. Annual depreciation costs 
represent the loss in value of a capital good due to use, wear and tear, age, and obsolescence. Land, on the 
other hand, is not depreciable because it has an unlimited useful life. 

There are different ways to calculate annual depreciation, depending upon the use. For income tax purposes, 
the double declining balance method (also known as diminishing-balance or reducing-balance method) is 
frequently used because it allows for greater deductions in the early years. Its calculation is based on rapid 
decline in value during the early years. 

An enterprise budget is developed for only one period of time, however, and represents a “typical” or 
“average” year. Depreciation methods that calculate different amounts of depreciation for different years 
pose problems for enterprise budgets. Thus, for purposes of an enterprise budget, the straightline method 
to calculate annual depreciation is the best. Straightline depreciation results in the same amount of annual 
depreciation for each year. To calculate depreciation, the initial cost of the asset is needed. Its useful life in 
the business must be estimated. Finally, its resale value at the end of its useful life must be known. The initial 
cost is the purchase price. The useful life of equipment can be found by consulting with other fish farmers 
using that same type of equipment or from the farm’s own records. 

It is calculated as follows: 

Annual depreciation 

initial purchase cost — salvage value 
years of useful life 

This calculation represents the difference between the initial purchase price and its resale value, divided by 
the number of years it is likely to be used in the business. In reality, there is little salvage value for most types 
of equipment on a fish farm. For practical purposes, therefore, the following equation can be used to calculate 
annual depreciation: 

initial purchase costs 

Annual depreciation =- (10.2) 

years of useful life 

The value calculated is also referred to as “book value.” The term “book value” is used to refer to the value of 
each asset as recorded in the depreciation schedule. Book value is calculated by subtracting the accumulated 
depreciation from the asset’s cost. However, the actual value of a particularly asset is the market value at the 
time of sale, regardless of the book value. With the straightline method, the amount calculated for annual 
depreciation is constant across the years that the piece of equipment will be used. This makes it a preferred 
method when compiling an enterprise budget. This is because the enterprise budget is based on an average or 
typical year. 
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be paid regardless of the level of production, then that 
salary is also a fixed cost. Thus, the costs are “fixed" 
with respect to the quantity of product produced. 

The individual fixed costs are summed to obtain to¬ 
tal fixed costs. These are added to total variable costs to 
obtain total costs. Net returns are obtained by subtract¬ 
ing total costs from gross returns. This is the measure 
of profit for this business. 

Breakeven prices and yields offer additional insights 
into the overall feasibility of the operation. Breakeven 
price above variable cost is calculated by dividing total 
variable costs by the quantity produced. Breakeven 
price measures the cost of production of a single unit 
of the product. If the product can be sold for a price 
that is more than its cost of production, then a profit is 
generated. 

Breakeven yield is calculated in a similar manner. 
Breakeven yield above variable cost is calculated by 
dividing total variable costs by the price. It measures 
the yield necessary to cover all costs. 

Value Estimation of Parameters Used 
in the Budget 

The relevancy and accuracy of budget estimates 
depend on the choice of values assigned to each item 
included in the budgets. It is critical to spend adequate 
time to identify values that are both appropriate and 
realistic. In general, the price and quantity variables 
selected should be conservative values. Any errors 
made should be on the side of caution by selecting 
prices of input costs that tend toward the high side 
and prices of products to be sold that tend to be on 
the lower side. The best approach is to use long-term 
datasets to estimate 10-year average prices of products 
to be sold and inputs to be used. Price information for 
major aquaculture species can be found in the reports 
online from the National Agricultural Statistics 
Service, U.S. Department of Agriculture (http://usda 
.mannlib.cornell.edu/MannUsda/viewDocumentlnfo. 
do?documentID=1375). Long-term price datasets for 
electricity, gasoline, and diesel can be found on the 
Department of Energy’s web site (www.eia.doe.gov) 
and wage rates on the Department of Labor’s web site 
(www.bls.gov). 

There are two main approaches to estimating the 
quantities of product sold and quantities of inputs 
used: economic engineering approaches and cost of 
production surveys. The majority of aquaculture bud¬ 
gets have been developed using economic engineering 
approaches. In this approach, a hypothetical farm sit¬ 


uation is defined. Types of input items are itemized 
based on experience with the production system and 
species selected and from the aquaculture research lit¬ 
erature. Quantities used of various input items typi¬ 
cally are based on recommended management prac¬ 
tices from Extension specialists and from the aquacul¬ 
ture research literature. 

In many cases, the economic engineering approach 
is the only feasible approach. This is particularly true 
for newer production systems and species because 
there are no long-term datasets of prices. Cost of pro¬ 
duction surveys are not typically done for new sys¬ 
tems and often there are no commercial producers to 
visit. 

Budgets developed using economic engineering 
techniques should be used with caution. Values se¬ 
lected for use in economic engineering budgets fre¬ 
quently are “best case” scenarios in which optimistic 
parameter values are used. Sometimes, this is done in¬ 
tentionally to demonstrate the profitability under well- 
managed and optimum conditions. In this manner, eco¬ 
nomically engineered budgets can serve as a target for 
others to aspire to achieve. Problems occur, however, 
when a lender, investor, or farmer believes a budget to 
be based on average, not “best case” values. Misguided 
expectations for profit can lead to serious financial 
losses. These lead to negative perceptions on the part 
of lenders that may be reflected in an unwillingness to 
grant additional loans for aquaculture. Chapter 15 on 
use and misuse of budgets discusses these problems in 
greater detail. 

A preferable approach for the development of enter¬ 
prise budgets for aquaculture is to use values obtained 
from cost of production surveys. Surveys of commer¬ 
cial growers reflect the costs, production levels, and 
farm prices that farmers face in reality. These values 
reflect the risks, problems, and setbacks that occur in 
the course of operating a farm and tend to be the most 
realistic values available. 

Unfortunately, while cost of production surveys are 
done routinely for a number of agricultural and live¬ 
stock crops in the United States, there has never been 
a publicly available national cost of production survey 
done of aquaculture. 

Cost of production surveys allow for sorting cost 
data by farm size, production intensity, labor struc¬ 
ture, and other factors. This allows for development 
of cost estimates that are more accurate and rele¬ 
vant to the appropriate farm situations and circum¬ 
stances. It should be noted that as with any data col¬ 
lection methodologies, improperly designed questions 
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and questionnaires, poor sampling design, and lack of 
care in implementation of surveys can result in inaccu¬ 
rate and unreliable data. However, properly designed 
and implemented surveys often result in reliable data. 

There are different accounting practices that can be 
used to assign values to assets. These include: (1) mar¬ 
ket value; (2) cost; (3) lower of cost or market value; 
(4) farm production cost; and (5) cost less accumulated 
depreciation. Market values are assigned according to 
current market prices of the product to be sold. Market 
values work best for assets that will likely be sold in 
a relatively short time and for which current market 
prices are available. 

The cost method is used for assets that have been 
purchased recently, particularly if cost records are 
available. Supplies such as feed and fertilizer are com¬ 
monly valued with the cost method. Noncurrent as¬ 
sets like buildings and equipment lose value over time 
and should not be valued with the cost method. The 
lower of cost or market valuation method compares 
values from the market and cost methods, and se¬ 
lects whichever method compensates for short-term 
increases or decreases that may distort values. 

The farm production cost method can be used to 
value assets grown or produced on the farm. Submar- 
ketable Stocker fish, for example, can be valued this 
way. Profit and opportunity costs are not included as 
valuation methods, but rather actual production ex¬ 
penses incurred are used as the basis for the calcula¬ 
tion. Depreciable assets can be valued using cost less 
accumulated depreciation. Book values are used as the 
current value for this method. 

Profitability Measures that can be Obtained 
from the Enterprise Budget 

The most important measure of profitability from 
the enterprise budget is net returns. Net returns are 
calculated by subtracting total costs from total rev¬ 
enue. An intermediate measure is to calculate income 
above variable costs by subtracting total variable costs 
from gross revenue. Also referred to as gross mar¬ 
gins, income above variable costs provide a measure 
of whether the business can continue to operate in the 
short run. For long-term profitability, net returns that 
account for fixed costs must be calculated. 

Net returns, if not calculated properly, may not be 
comparable across enterprise budgets. Net returns rep¬ 
resent the earnings of the resources used in the produc¬ 
tion process. However, there are many different types 
of farm businesses and business structures, and net re¬ 


turns can be used to indicate which costs have and have 
not been subtracted out. 

The reporting convention used is to report “net re¬ 
turns to” whatever resources have not been subtracted 
out. For example, if the owner’s labor and management 
costs have not been subtracted out, net returns should 
then be reported as “net returns to owner’s labor and 
management." The value of the owner’s management 
(opportunity cost of management) is difficult to esti¬ 
mate and is often omitted from the enterprise budget. 
If the budget has no cost for land, then net returns 
should be identified as “net returns to land.” Few bud¬ 
gets account for risk and, thus, net returns should be 
expressed as “net returns to risk.” 

To calculate economic profit, the costs of all re¬ 
sources used in the production process must be ac¬ 
counted for. To do so, opportunity costs, or the value 
of what that resource would earn if used for something 
else, should be charged for all resources used. This 
measure of economic profit is different from account¬ 
ing profit, as determined by the income statement. Op¬ 
portunity costs of land can be charged at the value of 
cash rent or the value of an acre times the opportunity 
cost of the owner's capital. 

Some individuals wish to include a measure of the 
return on long-term investment in enterprise budgets. 
Chapter 13 provides details on developing investment 
analyses and various comprehensive measures of the 
returns on investment. An enterprise budget is not the 
best means to estimate a return on investment, as Chap¬ 
ter 15 points out. However, a simple indicator is the rate 
of return on the average investment. To calculate the 
rate of return on the average investment, the estimated 
net returns are divided by the sum of the nondepre¬ 
ciable investment items and half of the depreciable 
investment items, and multiplied by 100. The value 
of the depreciable items is cut in half because it loses 
value (depreciates) over time through use, age, and 
obsolescence. Because the enterprise budget reflects a 
single point in time, it is not possible to calculate the 
long-term return on investment and, hence, an “aver¬ 
age” return on investment is used, if necessary, to pro¬ 
vide a generalized view of the return. It is preferable 
to use the methods described in Chapter 13 whenever 
possible. 

Mechanics of the Budget 

In addition to the basic calculations in the budget, there 
are other relationships that can be checked to ensure 
internal consistency of the budget. The feed conversion 
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ratio (FCR), for example, is a commonly used measure 
of the efficiency of feed use. It is calculated by dividing 
the weight of the feed fed by the weight gain of the fish. 
Thus, for every pound of weight gain of fish, the FCR 
indicates how many pounds of feed were required to 
produce that weight of fish. Calculating the FCR from 
the budget values of quantity of feed fed and quantity 
of fish sold provides a check on the validity of these 
values. 

Another check for validity is to compare the 
breakeven prices and quantities with the corresponding 
budgeted values as a check on the overall conclusion 
relative to profitability. For example, if net returns are 
positive, the enterprise is deemed to be profitable. This 
also means that the breakeven price calculated in the 
budget must be less than the market price used in the 
budget. Because the breakeven price is that price that 
just covers costs, profits are incurred only when the 
market price is higher than the breakeven price. In a 
similar fashion, for an enterprise to be profitable, the 
breakeven yield must be lower than the yield used as 
the projected sales volume for the enterprise. 

Practical Application of an 
Enterprise Budget 

As an example of the application of enterprise budget¬ 
ing to aquaculture, an example is provided of a compre¬ 
hensive enterprise budget for a 256-acre catfish farm. 
This budget was developed from a cost of production 
survey conducted in Arkansas (Engle 2007), and re¬ 
flects cost structures on commercial operations at the 
time. To develop a comprehensive enterprise budget, 
the first step is to estimate the capital investment items 
needed. Capital investment items are those that will 
be used for a time period greater than a year; thus, 
it is incorrect to charge out the total amount of the 
investment in a 1-year enterprise budget. Table 10.1 


Table 10.1. Capital Investment in Land 
and Buildings Required for a 256-acre 
Catfish Farm. 


Item 

Unit cost 

$ 

Number of units 

$ 

Total cost 

$ 

Land 

822 

256 

210,432 

Wells 

8.000 

6 

48,000 

Ponds 

1,398 

256 

357,888 

Total 



616,320 


includes the capital investment items for the 256-acre 
catfish farm. Major investment items on this type of 
farm include the land, construction of ponds with water 
supply, drainage, electrical service, and construction of 
the farm headquarters. The unit of measure is specified 
(e.g., “acre” for land, m 3 for cages) along with the cost 
per unit and the number of units. Multiplying the cost 
per unit times the number of units provides the total 
investment cost for each item. 

For depreciable items (those that lose value over 
time), annual depreciation must be calculated. Inset 
10.1 provides additional detail on annual depreciation. 
Because the purpose of an enterprise budget is to es¬ 
timate an average annual amount of profitability for 
a “typical” year, straightline depreciation is the best 
method for an enterprise budget. Some other meth¬ 
ods result in different amounts of annual depreciation 
for different years; thus, it is difficult to select which 
amount is appropriate. To calculate annual deprecia¬ 
tion, the number of years of useful life must first be 
estimated. This value will vary from farm to farm de¬ 
pending on the care and maintenance provided by the 
farmer. If available, farm records can be used as a basis 
for determining the number of years of useful life for 
each item. If not, examination of enterprise budgets 
for other similar types of crops and conversations with 
experienced farmers can provide a good basis for this 
value. 

Table 10.2 presents the equipment investment re¬ 
quired for the 256-acre catfish farm. When developing 
an equipment list, it is important to include all types 
of equipment needed for the entire business. Annual 
depreciation values are developed for each item and 
summed for the entire farm, as described earlier for 
the other investment items. 

Table 10.3 presents the annual costs and returns 
and constitutes the enterprise budget itself. For this 
farm, average annual yield is 4,500 lb/acre/year. Fish 
are grown in multiple batches with an average annual 
stocking rate of 5,690 fingerlings/acre/year. The av¬ 
erage feed fed is 4.78 tons/acre/year. This amount of 
feed equates to a feed conversion ratio of 2.12. 

Total pounds of catfish sold per year from the farm 
are 1,152,000 lb. In the long-run, average cost of pro¬ 
duction, $0.70/lb, total revenue is $806,400/year. Vari¬ 
able cost includes feed, fingerlings, labor, electricity, 
fuel, repairs and maintenance, and harvesting costs. Of 
these, feed represents 45% of the total variable costs of 
production and 36% of the total costs of production. 
Interest on operating capital is another variable cost 
of production. This line of item represents the interest 
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Table 10.2. Equipment Cost and Annual Depreciation for 256-acre Catfish Farm. 


Item 

Unit cost 
$ 

Number of units 

Total cost 

$ 

Years of useful life 

Years 

Annual depreciation 

$ 

Tractors 

20.000 

7 

140,000 

20 

7.000 

Trucks 

17.000 

2 

34,000 

8 

4,250 

Mower 

8,365 

1 

8,365 

5 

1.673 

Electrical aerators 

3,460 

25 

86,500 

5 

17,300 

PTO aerators 

2.065 

8 

16,520 

10 

1.652 

Feeder 

5.000 

1 

5,000 

5 

1.000 

Feed bin 

5.500 

3 

16,500 

8 

2,062 

Pump 

1,600 

1 

1,600 

10 

160 

Office, shop, tools 

15.000 

n.a. 

15,000 

5 

3,000 

Utility trailer 

800 

1 

800 

10 

80 

Storage container 

1.000 

1 

1,000 

10 

100 

DO meter 

500 

1 

500 

5 

100 

Computer 

1,650 

1 

1,650 

5 

330 

Generator 

30.000 

2 

60,000 

15 

4,000 

Total 



387,435 


42,707 


that would be paid on an operating loan or an operat¬ 
ing line of credit. This must be included in the budget 
even if the farmer did not borrow any operating cap¬ 
ital because the farmer could have earned interest on 
this money from investing it elsewhere. This is what 
economists refer to as an "opportunity cost,” or the 
cost of revenue that could have been earned from its 
use in some other activity. 

The annual variable costs are summed in the bud¬ 
get to $652,473, the total variable costs. Subtracting 
the total variable costs from total revenue results in 
$153,927 of income above variable costs. This is not a 
measure of profit because fixed costs have not yet been 
considered. However, this value provides an indication 
of whether the farm can cover its variable costs for the 
year (if income above variable costs is a positive num¬ 
ber). If income above variable costs is negative, the 
farm loses more money by continuing to produce and 
loses less money by shutting down. Since this value is 
positive, the farm can continue to operate in the short 
run. 

The next section of the budget is annual fixed costs. 
In catfish production, fixed costs include telephone 
expenses, taxes, insurance, legal/accounting fees, an¬ 
nual depreciation, and interest on investment. Total 
annual fixed costs are $151,135 for the 256-acre cat¬ 
fish farm. The annual depreciation values for equip¬ 
ment are taken directly from Table 10.2. Interest on 
investment is charged for the same reason as interest 
on operating capital is charged. If the farmer is paying 


interest on real estate and equipment loans, this charge 
covers it. Otherwise, interest on investment is an op¬ 
portunity cost that represents the revenue that would 
have been earned from some other use of that invest¬ 
ment capital. Total costs (sum of total variable and 
total fixed costs) for this catfish farm are $803,608. 

Net returns to operator’s labor, management, and 
risk (total revenue minus total costs) for the farm are 
$2,792 or $ 11 per water acre. This budget includes sev¬ 
eral forms of net returns. Net returns to risk, — $ 18,502 
(—$72/acre), are the economic measure of profit from 
this budget because all costs have been charged (land, 
operator’s labor, and management). This budget shows 
that catfish production is not profitable under the pro¬ 
duction assumptions and parameter values used in this 
budget. 

Some individuals, in the short term, prefer to in¬ 
clude only cash expenses. The results are biased be¬ 
cause noncash costs are important for long-term via¬ 
bility of the business. Nevertheless, in the very short 
term, considering net returns above cash costs alone 
can provide some additional information for planning 
purposes. For this farm, net returns above cash costs 
are $124,594 ($487/acre). 

Breakeven prices above variable costs are $0.57/lb 
and $0.72/lb above total costs. This means that fish 
prices can fall to $0.72/lb and the farm would still 
break even, considering all costs. At $0.57/lb the farm 
could still cover variable costs, but not fixed costs. 
Breakeven yields are 3,641 lb/acre above total costs 



The Enterprise Budget and Partial Budgeting in Aquaculture 


125 


Table 10.3. Annual Costs and Returns for a 256-acre Catfish Farm (Stocking 5,690 5-inch 
Fingerlings/acre; Feed Fed at 4.78 tons/acre/year; Yield of 4,500 Ib/acre; Fingerlings Purchased 
Off Farm; Pond Owned by Farmers). 


Item 

Description 

Unit 

Quantity 

Price/cost 

Total 

Gross receipts 

Variable costs 

Catfish foodfish 

lb 

1,152,000 

0.70 

806,400 

Feed 

32% protein floating 

Ton 

1,223.68 

227.4 

278,265 

Fingerlings 

5-inch 

Inch 

7,283,200 

0.010 

72,832 

Labor 

Year-round, full-time 

FTE* 

2 

20,280 

40,560 


Seasonal or part-time 

FTE 

0.5 

20,280 

10,140 

Plankton control 

Empirical average 

Acre 

256 

14.40 

3,686 

Gas and diesel 

Empirical average 

Acre 

256 

130 

33,280 

Electricity 

Empirical average 

Acre 

256 

289 

73,984 

Repairs and maint. 

Empirical average 

Acre 

256 

97 

24,832 

Bird depredation supplies 


Acre 

256 

6.25 

1,600 

Seining and hauling 

Catfish foodfish 

lb 

1,152,000 

0.05 

57,600 

Telephone 

Empirical average 

Acre 

256 

10.50 

2,688 

Office supplies 

Empirical average 

Acre 

256 

11.00 

2,816 

Interest on operating capital 


$ 

501,902* 

0.10 

50,190 

Total variable costs 

Per farm 




652,473 


Per acre 




2,549 

Income above variable costs 
perform 

Fixed costs 





153,927 

Farm insurance 

Empirical average 

Acre 

256 

25.3 

6,477 

Legal/accounting 

Investment 

Empirical average 

Acre 

256 

6.1 

1,562 

Land 

Empirical average 

$ 

210,432* 

0.1 

21,043 

Wells 

Empirical average 

$ 

48,000 § 

0.1 

4,800 

Pond construction 

Empirical average 

$ 

357,888’ 

0.1 

35,789 

Equipment 

Annual depreciation 

Empirical average 

$ 

387,570 

0.1 

38,757 

Equipment 

Empirical average 

Acre 

1 

42,707 

42,707 

Total fixed costs 

Per farm 




151,135 


Per acre 




590 

Total costs 

Per farm 




803,608 


Per acre 




3,139 

Net returns to operator’s 





2,792 

labor, management, and risk 
perform 

Per acre 




11 

Opportunity costs 






Operator’s labor 

Family 

Each 


1 

10,140 

Operator’s management 

Family 

Each 


1 

11,154 

Total opportunity costs of 





21,294 

family labor and management 
Total costs 





824,902 


( Continued) 
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Table 10.3. (Continued) 


Item 


Description 


Unit Quantity Price/cost Total 


Net returns to operator’s risk 


-18,502 

perform 


Per acre 

-72 

Noncash costs 


143,096 

Net returns above cash (to 


124,594 

operator’s risk) perform 


Per acre 

487 

Breakeven price 

Above variable costs 

0.57 


Above total costs 

0.72 

Breakeven yield 

Above variable costs per farm 

932,104 


Per acre 

3,641 


Above total costs per farm 

1,178,431 


Per acre 

4,603 


*FTE, full time equivalent. One person working one 10-hour day is 1 FTE. Two people working 5-hour days is 1 FTE. 
^Operating capital was assumed to be used for 10 months of the year. 

^Land values = $822/acre. 

§Six wells at $8,000 each. 

^Pond construction costs = $ 1,398/acre. 


and 4,484 lb/acre above variable costs. This indicates 
that yields could fall to 4,484 lb/acre and still cover 
all costs or 3,641 lb/acre and still cover all variable 
costs. 

Sensitivity Analyses 

One of the key limitations of enterprise budgets is 
that the profitability may or may not hold as the as¬ 
sumed parameter values change. Changes in specific 
prices of important parameters can have substantial 
effects on the profitability of the enterprise. For many 
types of aquaculture enterprises, profits are sensitive 
to the yield of marketable product and to the price 
of feed. Table 10.4 presents a simple sensitivity anal¬ 
ysis in which marketable yield is varied from 4,000 
to 5,500 lb/acre/year at nine different feed prices and 
breakeven prices (costs of production) recorded. It is 
clear that increasing yield decreases the cost of produc¬ 
tion and that increasing feed prices increases the cost of 
production. 

THE PARTIAL BUDGET 

Enterprise budgets require careful, conservative, and 
realistic estimates for all capital investment, equip¬ 
ment, and operating costs for the enterprise under 
analysis. A thorough, accurate, and useful enterprise 


budget takes a great deal of thought. Moreover, it can 
be time-consuming to track down good estimates of 
costs. However, the enterprise budget considers only 
one enterprise even if the farm has a variety of differ¬ 
ent types of enterprises. A partial budget can assess 
changes that involve interactions between enterprises. 

Farm managers must make frequent decisions. 
Many times, these decisions involve only a relatively 


Table 10.4. Sensitivity Analysis that Shows 
Breakeven Prices above Total Costs for 
Various Marketable Yields and Feed Prices. 

Yield 


Feed price S/ton 

4,000 

4,500 

5,000 

5,500 

225 

0.80 

0.71 

0.65 

0.59 

250 

0.83 

0.74 

0.67 

0.62 

275 

0.86 

0.77 

0.70 

0.64 

300 

0.89 

0.80 

0.73 

0.66 

325 

0.93 

0.83 

0.75 

0.69 

350 

0.96 

0.86 

0.78 

0.71 

375 

0.99 

0.89 

0.80 

0.73 

400 

1.02 

0.91 

0.83 

0.76 

425 

1.05 

0.94 

0.85 

0.78 
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small change in its operation (e.g., changing the stock¬ 
ing rate, adding a pond with a different species, adding 
a fingerling pond). If the change is a relatively small 
one, the majority of costs across the enterprise will 
remain the same with and without the change. These 
changes could be evaluated by comparing two whole- 
farm budgets, but this can consume time that is not 
warranted by the small size of the change. 

A partial budget is an analytical technique designed 
to evaluate the effect of the changes in benefits, costs, 
and net returns from making such a small change in 
the farm operation. A partial budget is a standardized 
and formal method to calculate the change in profit 
from a possible change. It is important to note that 
a partial budget does not mean arbitrarily choosing 
some but not other costs. In a partial budget analysis, 
all changes in costs and benefits must be considered, 
but the analysis considers only the changes that will 
occur. 

A partial budget answers the following question: 
what will be the net economic effect on the farm from 
making a relatively small change to the operation? 
A partial budget analysis is limited in that it can be 
used to analyze only two alternatives at a time. These 
typically include the current situation as the base and 
one proposed alternative. Different partial budgets are 
needed to analyze a series of changes. Partial budgets 
are useful for existing enterprises that are considering 
a management change. This might consist of changing 
stocking densities and stocking sizes, increasing the 
aeration level, changing to a different type of feed, or 
beginning to buy fry to produce fingerlings on farm. 
However, partial budgets can also be used to consider 
adding investment items such as whether to purchase 
an in-pond fish grader, add a hatchery building to the 
fish enterprise, or purchase new aerators. A partial 
budget is not appropriate for a new enterprise for which 
comprehensive estimates of the costs and benefits do 
not exist. 

The bottom line of the partial budget is called the 
change in net benefit. This is the measure of whether 
net returns would increase or decrease by making the 
proposed change and by how much. If the change in 
net benefit is positive, then making this change on the 
farm will increase net returns. However, if negative, 
then the change considered would reduce net returns. 
The magnitude of the values indicates the extent of the 
change. 

The unit of analysis for a partial budget should be 
the same as for the enterprise budget that serves as the 
basis for the analysis. If the unit of the base enterprise 


budget is one 10-acre pond, then the partial budget 
should be for a 10-acre pond. However, if the base 
enterprise budget is for an entire farm, then the partial 
budget should be for the entire farm. 

The two broad categories that form the framework 
of the partial budget are the benefits and costs that 
result from the proposed change. All items that are 
expected to change are allocated to the appropriate 
category. 

The benefits include additional revenue and reduced 
costs, while costs include reduced revenue and addi¬ 
tional costs. Additional revenue can result if the pro¬ 
posed change results in higher levels of marketable 
yield or if the change would add a new species that 
would generate new revenue. The additional revenue 
category includes the revenue to be earned if the 
change is adopted on the farm. However, the analy¬ 
sis includes new revenue that is not being earned in 
the current situation. Additional revenue often results 
from increased yields, sales from a new enterprise, 
gaining a higher price, or increasing the size of the 
enterprise. 

Benefits from the change also result from reduction 
of costs on the farm. Switching to a cheaper feed, re¬ 
ducing the size of the farm, or eliminating a fingerling 
operation would reduce costs. For example, if perhaps 
a new feed resulted in an improved feed conversion, 
the quantity of feed fed for a given level of marketable 
yield would be reduced and total feed costs would 
be lower. The cost category includes any reduction in 
revenue from the farm. Reduced revenue represents 
revenue currently earned that would not be available 
after the change is made. A lower price, reduced sales 
from lower yields or fewer production acres, or elimi¬ 
nation of an enterprise would reduce revenue. Another 
example would be the revenue lost of one species by 
switching to a different species. 

The cost category also includes the new, additional 
costs associated with the alternative being considered 
that are not part of the current costs. Higher stocking 
and feeding rates, purchasing new fingerlings, buying 
additional ponds for expansion or for raising a new 
species will all be new costs. Examples of additional 
costs would be if the new feed or fingerlings considered 
cost more. 

Once all the changes have been itemized and quan¬ 
tified, the additional revenues are added to the reduced 
costs to obtain the benefits. Reduced revenue is added 
to additional costs to obtain the costs. Costs are sub¬ 
tracted from benefits to obtain the change in net bene¬ 
fits. 
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Other Considerations in Developing 
Partial Budgets 

Opportunity costs must also be considered in partial 
budgets. Additional variable costs require capital that 
could be invested elsewhere and that value is included 
as an additional cost. On the other hand, reduced vari¬ 
able costs also represent an opportunity cost that no 
longer exists. 

Sensitivity analyses should be done on key param¬ 
eters to evaluate how dependent the results are on 
changing values for important parameters. Sensitiv¬ 
ity analyses are conducted by varying the price of the 
parameter in consistent increments and measuring the 
change in the net benefits. 

Partial budgets are a simple and easy way to evaluate 
management changes. The data required are usually 
minimal. However, it can only compare one change at 
a time. A partial budget is not well suited to analyze a 
change where the revenues are not constant from year 
to year. Typical partial budgets also do not account for 
risk; yet, changes in risks as a result of the change can 
be important and should be evaluated. 

RECORD-KEEPING FOR 
ENTERPRISE AND PARTIAL 
BUDGETS 

Records are fundamental to the development of en¬ 
terprise and partial budgets. For an enterprise bud¬ 
get, records must be maintained on yields, typically 
in lb/acre or kg/ha for ponds, lb or kg/m 3 for cages 
or tank systems, and lb or kg/gallon of water flow for 
raceways. Sales records must be maintained. Records 
of purchase of supplies, including fingerlings, feed, 
fuel, and repairs and maintenance are necessary. 

Labor records must be maintained, divided into 
salaried personnel and hourly workers. Benefits pro¬ 
vided to salaried personnel must be itemized. This may 
include use of pickup truck for personal use, housing 
provided on the farm, or other benefits. Hourly workers 
need to be itemized by full-time seasonal or part-time 
workers. 

It is best, if possible, to maintain records of the hours 
of use of machinery. This is particularly useful for 
tractors and aerators. Purchase and sale of equipment 
as well as service records need to be maintained. 

Practical Application of a Partial 
Budget 

Table 10.5 illustrates the application of a partial bud¬ 
get to the 256-acre catfish farm situation. The change 


Table 10.5. Partial Budget of Adding a Hybrid 
Striped Bass Enterprise (40 acre) on a 
256-acre Catfish Farm. 


Category 

Value or cost 

Benefits 

Additional revenue 

40 acres in hybrid striped bass 

$270,000 

production, producing 4,500 
lb/acre/year, at $1.50/lb 

Reduced costs 

$3,139/acre for catfish costs, for 

$125,560 

40 acre 

Total Benefits 

$359,560 

Costs 

Additional costs 

Feed: 191.2 tons for 40 acre, 

$9,560 

$50/ton more for feed 

Fingerlings: $0.20/fingerling 

$45,520 

Interest on operating capital 

$4,590 

Marketing 

$75,000 

Reduced revenue 

40 acres at 4,500 lb/acre catfish x 

$126,000 

$0.70/lb 

Total Additional Costs 

$260,670 

Net Benefit 

$98,890 


being considered is to take 40 acres of water currently 
in catfish production and stock those acres with hybrid 
striped bass for foodflsh growout. 

Additional revenue would consist of the sales of 
hybrid striped bass foodflsh. Sales were estimated to 
be based on 40 acres in production, with a yield of 
4,500 lb/acre/day, at a price of $ 1.50/lb, for additional 
revenue of $270,000 (Table 10.5). Costs would be 
reduced for the catfish no longer raised in those 40 
acres of water. Because Table 10.3 shows total costs 
of $3,139/acre for catfish production on this size of 
farm, the reduced costs would be $125,560 for the 
40 acres taken out of production. Total net benefits 
(sum of additional revenue and reduced costs) are 
$395,560. 

Hybrid striped bass fingerlings are more expensive 
than channel catfish fingerlings, and the feed for hy¬ 
brid striped bass is also more expensive. Moreover, 
because hybrid striped bass are sold either live or on 
ice, there would be additional marketing costs esti¬ 
mated at $75,000. The catfish not sold from these 40 
acres constitute reduced revenue of $ 126,000. The total 
additional costs (sum of additional costs and reduced 
revenue) are $386,228. The net benefit from switching 
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40 acres from catfish to hybrid striped bass is $98,890. 
Because this number is positive, the analysis demon¬ 
strates that the change is feasible. However, it should 
be noted that this analysis has not considered addi¬ 
tional risks associated with producing and marketing 
hybrid striped bass. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Dey et al. (2005) used field survey data collected by 
the WorldFish Center and partners to develop esti¬ 
mates of net returns for a variety of production systems, 
species, and production technologies. Net returns were 
estimated for seven different countries (Bangladesh, 
China, India, Indonesia, Philippines, Thailand, and 
Vietnam). Species analyzed included carps, tilapia, 
prawns, snakehead, and walking and striped catfish. 
Production systems included cages and ponds stocked 
in both mono- and polyculture. 

The analysis indicated that fish farming of freshwa¬ 
ter species in the selected Asian countries was gener¬ 
ally profitable. Profits tended to be higher with mono¬ 
culture of higher-valued carnivorous species such as 
prawns, snakehead, and walking catfish. However, 
resource-poor fish farmers could also raise omnivo¬ 
rous and herbivorous species profitably in both mono- 
and polyculture. Semi-intensive levels of production 
were shown to produce higher rates of return than 
very extensive or intensive production levels. The ex¬ 
tensive production technologies were inefficient in that 
resources were underutilized while the very intensive 
production systems had much higher costs of variable 
inputs. 

SUMMARY 

This chapter provided a detailed description of enter¬ 
prise and partial budgets. These budgeting tools pro¬ 
vide a mechanism to assess whether or not a proposed 
enterprise is profitable, how profitable it is expected to 
be (enterprise budget), and whether a proposed change 
on the farm is expected to be profitable (partial bud¬ 
get). Care must be taken to include all relevant costs 
and to use conservative estimates of all cost and rev¬ 
enue items. Prices expected to be received must be 
based on long-run averages as should be the costs of 
various input items. 

Sensitivity analyses should be run on all parameters 
for which values are either unknown or those that are 
highly variable. Breakeven analysis further shows the 


prices and quantities that will need to be obtained to 
cover all costs. 


REVIEW QUESTIONS 

1. Explain how breakeven prices and yields can be 
used to determine the profitability of the enter¬ 
prise. 

2. How do sensitivity analyses evaluate the risk of 
the enterprise? 

3. What would be an appropriate unit of analysis for 
an enterprise budget for a trout raceway farm? 

4. What would be the greatest single cost for each of 
the following aquaculture enterprises: 

a. Salmon netpen farm 

b. Trout raceway farm 

c. Subsistence tilapia pond farm 

d. Shrimp pond production farm 

5. Describe alternative ways to assign a value to 
submarketable-sized fish in a pond. 

6. List the major limitations to an enterprise bud¬ 
get analysis and how its interpretation should be 
properly qualified. 

7. Explain why there is a charge for interest on op¬ 
erating capital in an enterprise budget. 

8. Explain the difference between net returns to oper¬ 
ator’s labor, management, and risk and net returns 
to risk. 

9. What advice would you give someone when the 
enterprise budget shows positive income above 
variable costs but negative net returns? 

10. Explain what types of employee charges would be 
properly charged as fixed costs and which would 
be categorized as variable costs. 
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Section II 

Economic and Financial Analysis of 
Aquaculture Businesses 


INTRODUCTION TO SECTION II: 
ECONOMIC AND FINANCIAL 
ANALYSIS OF AQUACULTURE 
BUSINESSES 

The chapters in the following section will present de¬ 
tailed information on how to develop the key financial 
statements needed in the economic and financial anal¬ 
ysis of an aquaculture business. This section is written 
for students and those who wish to learn how to de¬ 
velop and complete each type of analysis, not just 
interpret it. 

The specific analyses included in the following 
chapters include: enterprise budgets (Chapter 10), par¬ 


tial budgets (Chapter 10), balance sheets (Chapter 11), 
income statements (Chapter 11), cash flow budgets 
(Chapter 12), investment analyses (Chapter 13), and 
loan amortization schedules (Chapter 14). Each chap¬ 
ter begins with an introduction to the analytical meth¬ 
ods presented. The bottom line of each analysis is de¬ 
scribed along with its interpretation. The unit of anal¬ 
ysis and structure of each analysis are outlined in each 
chapter. Valuation approaches for each are discussed 
and the mechanics of each developed in detail. Chal¬ 
lenges, limitations, and pitfalls associated with each 
are discussed. 


Aquaculture Economics and Financing: Management and Analysis 
Carole R. Engle © 2010 Carole R. Engle. ISBN: 978-0-813-81301-1 



11 

Financial Statements: Balance Sheet 
and Income Statement in Aquaculture 


Financial management and control of a business for 
efficient operation requires regular and periodic doc¬ 
umentation and review of financial performance and 
progress. The purpose of financial analysis is to iden¬ 
tify problems and opportunities, potential solutions, 
and then develop plans to take advantage of the op¬ 
portunities. It summarizes the financial position and 
condition of the business at a specific point in time. 
The two main instruments used for periodic financial 
management and control are the balance sheet and the 
income statement. This chapter explains what each of 
these instruments is, how each is structured, and what 
each tells the financial analyst or farm owner. 

The balance sheet is a financial statement that item¬ 
izes assets and liabilities for the business and calculates 
net worth as its bottom line. Net worth measures the 
level of wealth of the business while the relationship of 
the assets to the liabilities provides a clear view of the 
financial position of the business. Financial position 
refers to the total amount of resources that a business 
controls as well as the financial claims against those 
resources. Many lenders consider the balance sheet to 
be the most important financial statement of all be¬ 
cause it can be used to determine whether the business 
or individual can tolerate additional debt. 

The income statement measures the revenue and 
expenses of the business for the specified time period. 
An income statement resembles an enterprise budget 
and is sometimes confused with it. The difference be¬ 
tween the two is that the enterprise budget is devel¬ 
oped for a typical, average, generalized farm business 
while the income statement is developed for a specific 
business for a specified time period, typically, a year. 
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Thus, the income statement documents the financial 
performance of the business for that particular year, 
but not for the average conditions facing an industry. 
The income statement measures the profit or loss for 
the business for that particular year and is also known 
as a profit and loss statement. 

Many financial transactions affect both the balance 
sheet and the income statement, and some values nec¬ 
essary from the income statement are obtained from the 
balance sheet. Thus, it is essential that balance sheets 
and income statements be prepared for the same time 
period and at the same time. They must be interpreted 
together for a thorough understanding of business per¬ 
formance. Any time that revenue and expenses change, 
the balance sheet and income statements may change. 
Accurate interpretation of these financial statements 
requires that the time period of analysis be specified 
because revenue and expenses are different for differ¬ 
ent time periods. 

The greatest value of the balance sheet and income 
statement is derived from using them over time to 
interpret the overall financial performance and position 
of the business. From year to year, a viable business 
will show a generally increasing net worth from the 
balance sheet and increasing net farm income from the 
income statement. 

THE BALANCE SHEET 

The balance sheet is a key financial statement used 
by businesses to monitor financial performance and 
progress. It is also called the statement of financial 
condition. The balance sheet measures the financial 
position of the business for that specific time period. 
It organizes all that is owned by the business (assets) 
and the debts that are owed (liabilities) in a systematic 
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manner and is prepared for a given point in time. If 
always prepared at the same time each year, the balance 
sheet can be used to compare the financial progress of 
the business from year to year and the growth of the 
business can be charted over time. 

The bottom line of the balance sheet is net worth. 
Net worth is also referred to as owner’s equity and mea¬ 
sures the level of capital that the owners have invested 
in the firm. Assets, liabilities, and owner equity are in¬ 
terrelated and “balanced” in the balance sheet. Owner 
equity is the difference between assets and liabilities. 
This relationship can be expressed mathematically as: 

Net worth (owner equity) = assets — liabilities 

This same relationship can be expressed as: 

Assets = owner equity + liabilities 

Over time, a successful business is one in which the 
net worth increases over time. Increases in net worth 
mean that the owner is accumulating wealth from the 
business. 

The balance sheet is developed for the entire farm 
business for the fiscal year used by the business. It 
can be developed to show the capital position at any 
time, but the most useful balance sheets are developed 
annually, corresponding to the beginning and ending of 
the financial year. The ending balance sheet of any one 
year is identical to the beginning balance sheet for the 
next year. Balance sheets commonly are prepared for 
the end of the calendar year, as of December 31. This 
statement then serves as both the end-of-year statement 
for that year and the beginning statement for the next 
year (January 1). 

Careful thought should be given to the choice of 
financial accounting periods. The fiscal year can be 
the calendar year or it can be some other period of 
time. The calendar year is convenient from a financial 
perspective because many people prepare their income 
taxes for the calendar year. This is also a time when 
many farms located in temperate areas have time to an¬ 
alyze their finances carefully. However, other financial 
accounting periods can be used. There is some advan¬ 
tage to matching the production year with the financial 
reporting year. For a catfish farm, for example, finger- 
lings typically are stocked in February or March. April 
is one of the first good feeding months. Thus, using 
a financial reporting year of April through March of 
the following year tracks the production cycle more 
closely. Fish produced that year typically are sold 
over the winter months and revenue can be matched 
more closely to expenses when the financial account¬ 


ing period is aligned closely with the production cycle. 
Alternatively, some farmers maintain financial records 
developed for both reporting periods. 

Regardless of the financial accounting period se¬ 
lected, the balance sheet should be developed at least 
once a year to be able to monitor financial progress 
over time. The same time period should be used over 
the years to maintain consistent accounting practices. 
Any changes observed, then, will be due to changing 
financial position of the business and not an artifact 
of the accounting system. Managers may want to ex¬ 
amine quarterly balance sheets to more closely mon¬ 
itor the financial position of the business. This may 
be especially important during difficult financial and 
economic times. 

The structure of the balance sheet includes major 
categories of “assets” and “liabilities.” All assets and 
liabilities for the firm are listed on the balance sheet. 
Assets include anything that is owned by the business 
while liabilities are the value of debts owed by the busi¬ 
ness. Any item of value that is owned by the business 
is considered an asset. Items are considered as assets 
if they have a value either because they can be sold to 
generate cash revenue or because they can be used to 
produce something else that will be sold at a later time. 
All debts and financial obligations owed to someone 
else constitute liabilities. Liabilities represent a claim 
by someone else, an outside entity, on the assets of the 
business. 

Assets and liabilities are further divided into sub¬ 
categories referred to as “current” and “noncurrent” 
assets and liabilities and refer to the period of time 
within which the specific asset or liability will be used. 
These classifications are based on what is termed "liq¬ 
uidity.” Liquidity is the extent to which an asset can 
generate cash quickly and efficiently to meet the busi¬ 
ness’s financial commitments. Highly liquid assets are 
those that can be converted to cash with little or no de¬ 
lay or loss in the net value of the firm. Current assets 
are those that are highly liquid and include assets that 
are expected to be converted into cash (sold) within 
a period of 1 year. In other words, current assets are 
short-term liquid assets. 

For example, inventories of catfish that are expected 
to be sold within a year would be categorized as a 
current asset while equipment such as tractors and aer¬ 
ators would be classified as noncurrent assets. Current 
assets include the value of raw materials and supplies 
on the farm at the time the balance sheet is developed. 
Stocks of herbicides, copper sulfate, feed, or other in¬ 
puts should be included. These types of current assets 
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typically are valued at their original purchase cost. 
Assets commonly included as current assets are cash 
on hand and balances in checking and savings ac¬ 
counts. These clearly are very liquid types of assets. 
Accounts receivable (payments not yet received from 
processing plants for fish already delivered) can also 
be important current assets. 

Any asset that is expected to be used in the busi¬ 
ness for more than a year is classified as a noncurrent 
asset. Noncurrent assets typically have a useful life 
greater than 1 year, are usually not purchased for re¬ 
sale, and are used to produce products or services that 
will be sold. Noncurrent assets typically are those that 
the business owns because they are used to produce the 
products sold to generate revenue. Thus, equipment, 
broodstock, ponds, and land are classified as noncur¬ 
rent assets. If aerators or tractors would be sold, the 
fish farm would likely not be able to produce and sell 
as much product in the future. These noncurrent assets 
are less liquid (illiquid). They are more difficult to sell 
quickly and easily at full market value. Broodstock are 
another example of a noncurrent asset because brood¬ 
stock are generally considered to be fixed assets. Be¬ 
cause broodstock frequently are produced on farm or 
may have been purchased some time ago, assigning 
a value can be more difficult. Broodstock can be val¬ 
ued at: (1) cost of production; (2) 75% of reasonable 
market cost; or (3) anticipated market value after de¬ 
ducting storage, transportation, and marketing costs. 
The most common way to assign a value to brood¬ 
stock is the anticipated market value. Costs associated 
with storage and transportation need to be subtracted 
out. 

Estimating the inventory of aquatic crops can be dif¬ 
ficult, depending on the production system. Net pens, 
cages, tanks, and raceways are more amenable to fre¬ 
quent inventory estimations than open-pond systems. 
Estimating the quantity of fish available in a 10-acre 
pond that has been in continuous production for many 
years is difficult. For many species, there is no very 
accurate and precise manner to obtain such an inven¬ 
tory estimate. Errors in the estimate of the inventory 
can create errors in the balance sheet and income state¬ 
ments. Experienced farmers with excellent records will 
have better estimates of the quantity and sizes of fish 
in the pond. 

Current liabilities are short-term debt obligations. 
Current liabilities include debt-servicing payments due 
within the year and accounts payable to feed mills or 
supply companies. Short-term loans require complete 
payment of principal and interest within 1 year. Those 


payments due within the coming year are classified as 
current liabilities. 

Noncurrent liabilities consist of the remaining bal¬ 
ances on loans (other than the current year’s payments) 
and other financial obligations that will be incurred at 
a point in time later than the current year. These in¬ 
clude operating loans and lines of credit. Loans taken 
out for the purchase of noncurrent assets, such as land, 
pond construction, and equipment, will typically have 
terms of lending of more than 5 years (see Chapter 
14 for more details on commonly used types of loans 
for aquaculture). Thus, payments on principal and in¬ 
terest due are made over a period of years. The re¬ 
maining balance of principal on the loans is classified 
as a noncurrent liability. When calculating noncurrent 
liabilities, it is important to be certain to deduct the 
payments due in the coming year. The payments due 
in the coming year are listed as current liabilities, and 
need to be subtracted from the noncurrent liabilities. 

On the balance sheet, the values of the current as¬ 
sets are summed; the values of the noncurrent assets 
are also summed. The total value of the current assets 
is then summed with the total value of the noncurrent 
assets to obtain total assets. Similarly, all the values 
of the current liabilities are summed to obtain “total 
current liabilities” and the values of the noncurrent 
liabilities are summed to obtain “total noncurrent lia¬ 
bilities." Total current liabilities are added to the total 
noncurrent liabilities to obtain “total liabilities.” 

Net worth is calculated on the balance sheet by sub¬ 
tracting the total value of all liabilities from the total 
value of all assets of the business (total assets — total 
liabilities). Net worth is also referred to as owner eq¬ 
uity. It is the amount of money left for the owner of the 
business if the business were to be sold and all liabili¬ 
ties paid in full. Net worth (owner equity) is considered 
to be a claim on the assets by the owner(s) of the busi¬ 
ness. Owner equity changes over time. The goal of the 
business is for net worth to increase over time. 

Profits generated by the business are used to pay 
down liabilities and increase net worth as liabilities 
decrease. Alternatively, if profits are used to acquire 
additional assets, net worth will increase if the total 
amount of liabilities remains constant. However, net 
worth will also change if the value of an asset changes. 
Thus, if land values decline, the total value of assets 
will decline. For fish farm balance sheets, the value 
of the swimming inventory can be a substantial por¬ 
tion of current assets. If fish prices decline, current 
assets will go down in proportion to the decline in 
fish prices. It should be noted that if assets increase 
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but are financed through a loan, the liabilities will in¬ 
crease by the same amount as the increase in assets. 
In such a case, net worth will remain the same. Net 
worth changes when the owner puts additional per¬ 
sonal capital into the business, withdraws capital from 
the business, or the business shows as a profit or loss. 

Notes on Valuing Assets 

There are two principal methods for assigning a value 
to assets: cost-basis or market-basis. The cost basis 
value is also referred to as the “book value.” Basic 
accounting principles specify use of a cost basis. With 
a cost basis, assets are valued using the cost, cost less 
depreciation, or farm production cost methods. The 
advantage of a cost-based balance sheet is that it is 
directly comparable to other balance sheets prepared 
with standard accounting principles and is a conserva¬ 
tive estimation method. Moreover, the net worth will 
not vary because of market fluctuations. The advan¬ 
tage of a market-based valuation approach is that it 
more accurately indicates the value of collateral and 
the current financial position of the business. 

Typically, depreciable assets are valued as cost less 
depreciation. Submarketable fish and broodstock typ¬ 
ically are valued at farm production cost. Inventories 
of market-sized fish, however, are valued at market 
price even on a cost-based balance sheet. The differ¬ 
ence between the cost basis and market basis values 
is typically larger for assets purchased several years 
before the preparation of the financial statement. For 
example, the current market value of ponds may be 
very different from the original construction cost 20 
years ago. The balance sheet should indicate the basis 
of accounting (cash- or market-based), the nature of 
the operation (number of ponds, acres), and the depre¬ 
ciation method used. 

Record-Keeping for the 
Balance Sheet 

Records required to prepare a balance sheet include 
complete inventories of both current and noncurrent 
assets. A spreadsheet can be used to itemize all check¬ 
ing and savings accounts for the business. The year-end 
balance in each serves as the beginning value for the 
next year’s pro forma balance sheet. 

To be able to prepare a balance sheet, the farm busi¬ 
ness must maintain records of all assets and liabilities. 
The farm should maintain a table or spreadsheet that 
includes line items for land and each building on the 
farm. For land, the current value per acre for similar 
land in that area should be recorded, along with the 


number of acres and the total value. Each building 
should be listed separately, with the original purchase 
price or construction cost, the estimated years of use¬ 
ful life, the annual depreciation, and the current value. 
Similarly, there should be a separate table or spread¬ 
sheet that includes each equipment item for the farm, 
its initial purchase price, the estimated years of useful 
life, the annual depreciation, and the current value. 

Farm records should include a depreciation schedule 
for all the equipment on the farm. This table should 
include the original purchase price, the date of the 
original purchase, the depreciation method used (i.e., 
straight-line, double-declining balance), the estimated 
years of useful life, and the current value. 

A similar schedule should be maintained for the 
ponds, tanks, grading sheds, office, and other buildings 
on the farm. This table should also include columns 
to record the original purchase price, the date of the 
original purchase, the depreciation method used (i.e., 
straight-line, double-declining balance, etc.), the esti¬ 
mated years of useful life, and the current value. 

Additional tables are needed to maintain records of 
the inventory of the aquatic crops and of materials and 
supplies in hand at the beginning of the year and at 
the end of the year. The inventory sheet for aquatic 
crops should list these by species and by size group 
per pond. The estimated inventory of fish should in¬ 
clude an estimate of the quantity of fish in each pond 
by size group of fish. This can be estimated from a 
Fishy file (Fishy is a record-keeping software program 
used in the U.S. catfish industry.) (Killcreas 2009), by 
sampling, or by careful examination of the stocking, 
feeding, and harvesting records for the farm. The esti¬ 
mated number and individual weight of each should be 
recorded along with the total value. Market-sized fish 
or shrimp should be valued at the market price while 
submarketable fish or shrimp should be valued at the 
estimated production cost. 

Supplies on hand and their total value (purchase 
cost) at the beginning and end of the year should also 
be itemized with total quantities recorded. The change 
in value for each (crops and supplies) is calculated for 
later use in the income statement. 

Each farm business should maintain careful records 
of loans. A table or spreadsheet should be main¬ 
tained that includes the following information for each 
year: 

1. Initial and ending dates of loan 

2. Dates when payments due 

3. Amount of payment, separated into interest and 
principal portions 
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4. Balance remaining on the principal at the end of 
financial period 

These should be updated annually. 

Practical Application: 256-ACRE 
Catfish Farm 

Table 11.1 presents an example of a balance sheet 
for the 256-acre catfish farm described in Chapter 10. 
Assets are listed first and then liabilities. Assets and li¬ 
abilities are shown in order of liquidity. In other words, 
the more liquid assets (current assets) are listed first. 
The current assets include the cash available in the 
farm business ($15,849). The cash available consists 
of cash on deposit in a bank account. In addition to 
the cash available, there is an inventory of catfish in 
the ponds that is expected to reach market size and 
be sold during the current year. There are 4,500 sub- 
marketable fish/acre (based on 75% survival of the 


Table 11.1. Balance Sheet for a 256-acre 
Catfish Farm, December 31. 


Item 

Total value 

Assets 

1. Current assets 

Cash on deposit 

$15,849 

Checking account balance 

0 

Accounts receivable 

0 

Fish inventory* 

$266,112 

Total current assets 

$281,961 

2. Noncurrent assets 

Equipment 

$387,570 

Ponds 

$357,888 

Wells 

$48,000 

Land 

$210,432 

Total noncurrent assets 

$1,003,890 

3. Total assets 

$1,285,851 

Liabilities 

4. Current liabilities 

Payments on debt due and 
payable over next year 

Equipment 

$72,368 

Real estate 

$38,216 

Total current liabilities 

$110,584 

5. Noncurrent liabilities 

Equipment loan 

$168,858 

Real estate loan 

$254,772 

Total noncurrent liabilities 

$423,630 

6. Total liabilities 

$534,214 

7. Net worth (3-6) 

$751,637 


*4,500 submarketable fish/acre at 0.33 lb each @ $0.70/lb. 


6,000/acre fingerlings stocked). At 0.33 lb each and a 
price of $0.70/lb, the total value of fish in inventory 
is $266,112. Total current assets for the 256-acre farm 
are $281,961. 

Noncurrent assets for the 256-acre catfish farm in¬ 
clude equipment and farm real estate, including the 
land and ponds constructed on the land as well as 
the necessary wells. The total value of the equipment 
is $387,570, the ponds are valued at $357,888, the 
wells at $48,000, and the total land value is $210,432. 
The total value of noncurrent assets is $1,003,890. To¬ 
tal assets (sum of current and noncurrent assets) are 
$1,285,851. 

On the liabilities side of the balance sheet, current 
liabilities are listed first. Current liabilities include the 
payments due over the next year for the catfish farm. 
The catfish farm has loans for equipment and real estate 
and, thus, has payments due over the course of the 
year. The equipment loan payment for the current year 
is $72,368 and the real estate loan payment for the 
current year is $38,216. Total current liabilities are 
$110,584. 

Noncurrent liabilities include the value of the prin¬ 
cipal that remains to be paid on the equipment and 
pond construction loans. The remaining principal on 
the equipment loan is $168,858 and the remaining 
principal on the pond construction loan is $254,772. 
Total noncurrent liabilities are $423,630. Total liabil¬ 
ities (sum of current and noncurrent liabilities) are 
$534,214. 

Total owner equity (net worth) (total assets — total 
liabilities) for the 256-acre catfish farm is $751,637. 
Over time, the net worth should increase as the liabili¬ 
ties decrease and assets increase through equity gained 
with payments of principal. 

INCOME STATEMENT 

The income statement is a companion financial state¬ 
ment to the balance sheet and is also key to moni¬ 
tor financial performance and progress. The income 
statement measures the profit or loss generated by the 
business for the specific time period used for finan¬ 
cial analyses. It summarizes the financial transactions 
that affect revenue and expenses for the period of time 
specified in the income statement and measures the 
difference between revenue and expenses. Thus, its 
primary value is to determine whether the business 
was profitable for that time period, but it can also 
be used to monitor profits from one year to the next. 
Moreover, it can also be used to identify what portion 
of profits is generated from different resources used in 
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the production process. (For more detail, see Chapter 
4 on monitoring economic and financial performance 
of aquaculture businesses.) 

The bottom line of the income statement is net farm 
income from operations. This indicator shows whether 
the farm business resulted in a profit or loss for that 
particular year. If net farm income is positive, then the 
farm was profitable that year, and if net farm income 
is negative, then it suffered losses. 

The income statement is calculated for the same 
time period as the balance sheet. Complete financial 
analysis requires that both these statements be calcu¬ 
lated at the same time and for the same time period. 
The income statement and balance sheets should be 
prepared at least annually. However, some managers 
may wish to examine quarterly statements to keep a 
closer eye on the business, especially during difficult 
financial times. 

The structure of the income statement is somewhat 
similar to that of an enterprise budget. The primary 
difference is that the income statement includes rev¬ 
enue and expenses actually incurred over the time pe¬ 
riod specified whereas the enterprise budget includes 
long-run average revenue and expenses. Other differ¬ 
ences are that the income statement sorts out interest 
expenses from the other expenses. 

The first category in the income statement is rev¬ 
enue. All revenue received by the farm business over 
the past financial period is included in the income state¬ 
ment and is itemized by the source of revenue. Thus, 
the value of sales of foodfish for the past year would 
be included in the revenue category of the annual in¬ 
come statement. If the farm also sold fingerlings, these 
would be indicated on a separate line. Any government 
payments received (such as disaster payments) would 
also be included in this area. Revenue that results from 
the sale of a capital asset such as land or another piece 
of equipment is also included as revenue. However, 
for a capital asset, the value entered into the income 
statement is the difference between the price the asset 
is sold for and the initial cost of purchase. Revenue 
resulting from the sale of a depreciable asset, such as 
a tractor, is valued as the difference between the price 
the tractor is sold for and the initial cost of purchase 
after subtracting out the accumulated depreciation. For 
accrual-based income statements (see section on Cash 
versus Accrual-Based Income Statements), the change 
in value of the inventory of fish and inputs should 
also be included in the revenue portion of the income 
statement. Any change in the accounts receivable (ac¬ 
counts receivable represent payments for product de¬ 
livered that have not yet been received) must also be 


included. For example, if a fish or shrimp farmer de¬ 
livers a load of product to a processing plant, but has 
not yet received payment at the time of developing 
the financial analysis, the value of that payment is an 
“account receivable.” These values are obtained from 
the differences in the beginning and ending balance 
sheets. 

The next major category in the income statement is 
that of cash farm expenses. Those operating expenses 
that were paid during the accounting period, with the 
exception of interest payments, are itemized in this 
section. Typically, the value of fingerlings, feed, and 
labor are included in this category. Repair and util¬ 
ity bills paid and seining and hauling costs are also 
included. Payments on insurance and taxes are fixed 
costs in an enterprise budget, but are cash operating 
expenses and listed as such in the income statement. 
The value of all the cash operating costs is summed to 
obtain total cash farm expenses. 

Depreciation is a noncash cost and is included as a 
separate line item in the income statement. The value 
of depreciation is the sum of the loss in value for 
all depreciable assets for the financial accounting pe¬ 
riod being analyzed. Depreciation on all capital items 
should be included, particularly equipment, ponds, and 
any buildings. Broodstock are frequently considered to 
be fixed or capital assets. As fixed assets, the value of 
broodstock enters the income statement only as depre¬ 
ciation or net replacement cost. 

Interest expenses are separated from other cash ex¬ 
penses. The Farm Financial Standards Council consid¬ 
ers interest expense a result of financing, not produc¬ 
tion activities. Thus, interest expenses are not included 
with the direct cash operating expenses of producing 
fish and other aquatic crops. Loan principal payments 
are not considered expenses because the capital bor¬ 
rowed is simply being returned to the original owner. 
The “payment” or cost is the interest paid. Thus, prin¬ 
cipal payments are not included in the income state¬ 
ment. (Note that the payment of the principal amounts 
of loans is an important financial consideration that is 
treated in Chapter 12 that discusses cash flow.) The 
principal was an amount borrowed that does have to 
be returned, but is not an expense. 

However, the income statement includes depreci¬ 
ation costs to account for the replacement costs of 
capital goods. Including a principal payment on loans 
for capital goods, in a sense, would "double count” the 
cost of acquiring/replacing capital goods. 

Net farm income is the measure of profit or loss 
of the farm business. If net farm income is positive, 
then the farm business was profitable for that period of 
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time; if negative, it lost money for that period of time. 
The Farm Financial Standards Council recommends 
including income taxes in the income statement. If 
this is done, net farm income becomes an after-tax net 
farm income. 

Cash versus Accrual-Based 
Income Statements 

There are two fundamental accounting approaches 
used in agriculture: cash-based and accrual-based 
accounting. In cash-based accounting, revenue is 
recorded when cash is received regardless of when the 
product was produced or the service provided. Thus, 
with cash accounting, revenue can be recorded in an 
accounting period other than the one in which the prod¬ 
uct was produced. For example, if a crop of catfish is 
produced in 2010, but fish were off-flavor and not sold 
until 2011, then the revenue is recorded in the 2011 in¬ 
come statement if cash-based accounting procedures 
are used. 

Expenses similarly are recorded in the accounting 
period when they are paid, or when the cash is spent 
with cash-based accounting. Items that are paid for 
late in one year and not used until the next are charged 
to the first year’s income statement. Alternatively, if 
fertilizer is charged to an account payable in 2010, but 
the account payable is not paid until 2011, then the 
expense is included in the 2011 income statement. 

The advantage of the cash accounting method is that 
it is simple and easily understood. It is also the most 
commonly used method in fish farming. The disad¬ 
vantage is that neither revenue nor expense is directly 
related to the production obtained in the particular 
financial reporting year. Thus, the profit or loss esti¬ 
mated in the income statement does not truly represent 
the profit or loss from that particular year's production. 

The Farm Financial Standards Council recommends 
the use of accrual-based, not cash-based accounting. In 
accrual accounting, the value of products produced and 
services provided are recorded for the year in which 
produced, regardless of when the cash revenue was ac¬ 
tually received or the expenses actually paid. There is 
no difference between cash-based and accrual-based 
accounting when all revenues are received and ex¬ 
penses incurred in the same year as that of the pro¬ 
duction that resulted. However, when revenues are re¬ 
ceived in the year following the one in which products 
are produced, or expenses paid in a different year from 
the actual production, results of income statements de¬ 
veloped based on accrual accounting will differ from 
those obtained with cash-based accounting. 


The major difference in the two methods lies in the 
way inventories are handled. In accrual accounting, 
the value of changes in inventories is expressed as 
revenue in the income statement. For example, on a 
catfish farm, expenses for feed, fingerlings, utilities, 
and labor are incurred throughout the production year. 
However, if the fish are off-flavor at the end of the year, 
there will be no revenue that year. Cash revenue will 
be received the next year when the catfish come back 
on-flavor, are sold, and revenue received. In accrual ac¬ 
counting, the value of the catfish produced is included 
as revenue in the year during which the production 
occurred. The way this is handled in the accrual-based 
income statement is to add a line in the revenue section 
for the change in inventory of fish. The fish produced 
that year but not sold are measured by the increase in 
total weight of fish in the ponds over the course of the 
year. This increase in the weight of fish on the farm is 
recorded as a positive change in the inventory. Because 
these are market-sized fish, the value used would be 
the market price. 

Expenses in accrual-based accounting are handled 
in a similar fashion. Those expenses incurred in pro¬ 
ducing the revenue in that year are recorded in that 
same year. If supplies are purchased and paid for in the 
same year, the expense section of the income statement 
will be the same for cash-based and accrual-based ac¬ 
counting statements. However, if items are purchased 
a year before that when revenue is produced or are not 
paid for until the year after they are used, then the re¬ 
sults will be different for cash-based and accrual-based 
accounting. If not yet paid for, these enter the accrual- 
based income statement as a change in inventory. If 
interest is accrued in one year but the cash payment is 
not due for several more months, differences will be 
incurred. 

The main advantage of accrual-based accounting 
is that it provides a more accurate estimate of profit. 
The information provided for financial analysis and 
management is more accurate. The disadvantage is 
that accrual accounting procedures are more difficult 
and require more time. Also, accrual accounting may 
not be the most beneficial for income tax reporting. 
The Farm Financial Standards Council recommends 
that anyone using cash-based accounting should also 
calculate an accrual-adjusted net farm income. 

Record-Keeping for the 
Income Statement 

Farms must maintain adequate records from which 
the income statement is calculated. Basic records for 
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revenue required for the income statement begin with 
the delivery tickets from the processing plant. The 
tickets from the plant will itemize whether dockages 
were incurred due to: (1) out-of-size fish; (2) diseased 
and deformed finfish; (3) dead-on-arrival fish; (4) trash 
fish; or (5) some other reason. This ticket will provide 
numbers for the weight and number of fish delivered, 
as well as the losses suffered due to dockages. The net 
price received can also be recorded after adjusting for 
the dockages charged. 

Purchases of supplies typically involve: (1) obtain¬ 
ing a price quotation; (2) placement of an order; (3) 
delivery bill; (4) receipt of invoice or bill; (5) receipt of 
statement of account at end of month; and (6) receipts 
for payments made. Thus, the records available are 
the delivery ticket, invoice, monthly statement, and 
canceled check for payment. These records can be 
checked for accuracy or errors by comparing: (1) the 
order against the invoice; (2) the invoice against the de¬ 
livery ticket; and (3) the delivery ticket against goods 
supplied. 

Practical Application: 256-ACRE 
Catfish Farm 

Table 11.2 illustrates an income statement for the 256- 
acre catfish farm. The farm sold 1,152,000 lb of food¬ 
sized catfish. At $0.70/lb, the total revenue for the year 
is $806,400. 

Cash operating expenses include those costs listed 
as variable costs on the enterprise budget as well 
as cash expenses of legal/accounting fees and in¬ 
surance costs that are listed as “fixed costs” on 
the enterprise budget. These operating expenses in¬ 
clude feed ($278,265), fingerlings ($72,832), labor 
($40,560 for a full-time year-round employee and 
$10,140 for seasonal, part-time labor), plankton con¬ 
trol ($3,686), gas, diesel fuel, and oil ($33,280), elec¬ 
tricity ($73,984), repairs and maintenance ($24,832), 
bird depredation supplies ($1,600), seining and haul¬ 
ing costs ($57,600), telephone ($2,688), office supplies 
($2,816), legal/accounting fees ($1,562), and insur¬ 
ance expenses ($6,477). Total cash farm expenses sum 
to $610,322. 

Depreciation costs for losses in value of equipment 
and buildings for this farm for the year totaled $42,707. 
This value is added to total cash farm expenses to 
obtain total catfish farm expenses of $653,029. 

Interest paid is placed under a separate category in 
the income statement. This facilitates calculation of 
financial ratios that are described in Chapter 4. On the 


Table 11.2. Income Statement for a 256-acre 
Catfish Farm, December 31. 


Item 

Total value 

Catfish farm revenue 

Cash catfish sales 

$806,400 

Accounts receivable 

0 

Change in market livestock inventory 

0 

Total catfish farm revenue 

$806,400 

Catfish farm expenses 

Cash operating expenses 

Feed 

$278,265 

Fingerlings 

$72,832 

Labor 

$40,560 

Plankton control 

$10,140 

$3,686 

Gas, fuel, and oil 

$33,280 

Electricity 

$73,984 

Repairs and maintenance 

$24,832 

Bird depredation supplies 

$1,600 

Seining and hauling 

$57,600 

Telephone 

$2,688 

Office supplies 

$2,816 

Legal/accounting 

$1,562 

Insurance 

$6,477 

Total cash farm expenses 

$610,322 

Accounts payable 

0 

Prepaid expenses 

0 

Depreciation 

$42,707 

Total operating expenses 

$653,029 

Cash interest paid 

Interest on operating line of credit 

$50,190 

Interest paid on long-term loans 

Land 

$21,043 

Wells 

$4,800 

Pond construction 

$35,789 

Equipment 

$38,757 

Total interest paid 

$150,579 

Total expenses 

$803,608 

Net farm income from operations 

$2,792 


256-acre catfish farm, there are loans for the operat¬ 
ing capital as well as long-term loans for the land, 
wells, pond construction, and equipment. Annual in¬ 
terest payment on the operating line of credit for this 
farm is $50,190 and annual interest payments on the 
long-term loans are $21,043 for the loan used to pur¬ 
chase the land, $4,800 for the loan used to dig the 
wells, $35,789 for the loan used to pay for construc¬ 
tion of the ponds, and $38,757 on the equipment loan. 
All interest expenses are summed to obtain a total of 
the cash interest paid ($150,579). This is added to the 
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total catfish farm expenses to obtain total expenses for 
the year of $803,608. 

Net farm income from operations is calculated by 
subtracting total expenses from total farm revenue, or 
$2,792 for the 256-acre catfish farm. Thus, the farm 
generated a profit for the year, even though the total 
amount of profit was not great. 


Practical Application: Cash versus 
Accrual Accounting 

Tables 11.3 and 11.4 compare cost-based and accrual- 
based income statements for the farm situation pre¬ 
sented in Table 11.2, but with one difference. In Table 
11.2, all the catfish produced in 2010 were sold in 
2010, and all expenses for the 2010 crop were paid 
for in 2010. Thus, there is no difference in the income 
statement regardless of whether the farm used cash- 
based or accrual-based accounting. 

Farms rarely are able to sell all their fish by Decem¬ 
ber. Off-flavor or market conditions typically result 
in only part of the fish produced being sold in that 
same year. Tables 11.3 and 11.4 present income state¬ 
ments showing the profit or loss for the farm if only 
50% of the catfish produced are sold in 2010. Table 
11.3 uses cash-based accounting and Table 11.4 uses 
accrual-based accounting. Both tables show results for 
the years 2010 and 2011. 

With cash-based accounting, when the farm sells 
only 50% of its 2010 crop in 2010, the revenue is half 
($403,200) (Table 11.3) of what it was when all fish 
were sold in 2010 ($806,400) (Table 11.2). This re¬ 
sults in a negative net farm income from operations in 
2010 of —$400,408. In 2011, assuming that all the off- 
flavor fish of 2010 were sold as they came on-flavor 
from January to March, and the 2011 crop was all sold 
in 2011, the revenue in 2011 would be $1,209,600. 
This is much higher than that shown in Table 11.2 and 
results in a higher net farm income from operations 
of $405,992. Imagine a banker looking at the 2010 in¬ 
come statement; he or she would see a substantial loss 
on the farm and might begin to question the financial 
viability of the business. 

In the accrual-based income statement in Table 11.4, 
the increase in the weight of catfish on the farm over 
the 2010 production season is recorded as a change 
in inventory. The market-sized inventory that was pro¬ 
duced but not sold is valued at its market price. Actual 
sales in 2010 were 50% of the sales shown in Table 
11.2 because only 50% of the fish were sold. Thus, 


the total farm revenue for 2010 was $806,400. This is 
equal to the revenue shown in Table 11.2. 

The accrual-based income statement for 2011 shown 
in Table 11.4 shows increased cash sales of catfish, 
because the market-sized catfish from 2010 were sold 
in addition to the 2011 crop. However, at the end of 
2011, because the 2011 crop was all sold, there would 
be a decrease in the total weight of fish on the farm 
(as compared to the beginning of the year). Thus, the 
change in inventory line item under revenue shows a 
decreased value of inventory on the farm. Total revenue 
for 2011, then, is the same as in 2010, and net farm 
income from operations is the same as in 2010. The 
banker reviewing this farm’s financial statements sees 
a consistently profitable business. The profits may be 
low, but it is a business that is making all its payments 
and is a viable operation. 

The examples shown in Tables 11.3 and 11.4 were 
simplified to illustrate the differences in cash-based 
and accrual-based accounting. For a real business, cat¬ 
fish prices would not likely be constant from year to 
year nor would expenses. The proportion of market¬ 
sized fish not sold in December is likewise not con¬ 
stant and varies with a number of factors. Never¬ 
theless, these examples show the benefit of using 
accrual-based accounting. If the farm uses cash-based 
accounting for income tax purposes, then an accrual- 
adjusted statement should also be developed. The dif¬ 
ficulties of estimating inventories in open-pond sys¬ 
tems were noted earlier in the chapter. Nevertheless, 
well-managed farms must strive to maintain adequate 
records and estimates of fish inventories. 

RELATIONSHIP BETWEEN THE 
BALANCE SHEET AND THE INCOME 
STATEMENT 

The balance sheet and the income statement are re¬ 
lated. For example, for the balance sheet to show in¬ 
creasing net worth over time, the business must gen¬ 
erate profits. Thus, the profit or loss measured by the 
income statement will affect the financial position of 
the business, as measured by the balance sheet. Con¬ 
sistent losses from year to year will make it difficult 
to make loan payments, will affect crop inventories on 
the farm, or may require the sale of capital assets that 
reduce the total value of assets to the business. 

Changes in values from the beginning and ending 
balance sheets for livestock, broodstock, and accounts 
receivable are entered directly into the revenue section 
of the income statement. Changes in supplies, prepaid 
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Table 11.3. Income Statement (Cash-Based Accounting) for a 256-acre Catfish Farm with 
Off-flavor Restricting Sales in 2010, December 31. 


Item 

2010 

2011 

Catfish farm revenue 



Cash catfish sales 

$403,200 

$1,209,600 

Accounts receivable 

0 

0 

Change in market livestock inventory 

0 

0 

Total catfish farm revenue 

$403,200 

$1,209,600 

Cash farm expenses 



Cash operating expenses 



Feed 

$278,265 

$278,265 

Fingerlings 

$72,832 

$72,832 

Labor 

$40,560 

$40,560 


$10,140 

$10,140 

Plankton control 

$3,686 

$3,686 

Gas. fuel, and oil 

$33,280 

$33,280 

Electricity 

$73,984 

$73,984 

Repairs and maintenance 

$24,832 

$24,832 

Bird depredation supplies 

$1,600 

$1,600 

Seining and hauling 

$57,600 

$57,600 

Telephone 

$2,688 

$2,688 

Office supplies 

$2,816 

$2,816 

Legal/accounting 

$1,562 

$1,562 

Insurance 

$6,477 

$6,477 

Total cash farm expenses 

$610,322 

$610,322 

Accounts payable 

0 

0 

Prepaid expenses 

0 

0 

Depreciation 

$42,707 

$42,707 

Total operating expenses 

$653,029 

$653,029 

Cash interest paid 



Interest on operating line of credit 

$50,190 

$50,190 

Interest paid on long-term loans 



Land 

$21,043 

$21,043 

Wells 

$4,800 

$4,800 

Pond construction 

$35,789 

$35,789 

Equipment 

$38,757 

$38,757 

Total interest paid 

$150,579 

$150,579 

Total expenses 

$803,608 

$803,608 

Net farm income from operations 

-$400,408 

$405,992 


expenses, accrued expenses, and accounts payable be¬ 
tween beginning and ending balance sheets are entered 
into the income statement. 

The change of value of depreciable assets from the 
beginning to ending balance sheets for a given time 
period are reflected in the charges for depreciation 
in the expense component of the income statement. 
Income taxes due on the closing balance sheet should 
come directly from the income statement. The change 
in net worth between the beginning and end of the year 


in successive balance sheets should correspond to the 
retained earnings shown on the bottom of the income 
statement and provide a check on the accuracy of the 
analysis. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Kam et al. (2003) collected data from eight milkfish 
farmers in Hawaii to develop an economic analysis to 
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Table 11.4. Income Statement (Accrual-Based Accounting) for a 256-acre Catfish Farm with 
Off-flavor Restrictions on Sales in 2010. 


Item 

2010 

2011 

Catfish farm revenue 

2010 

2011 

Cash catfish sales 

403200 

1209600 

Accounts receivable 

0 

0 

Change in market livestock inventory 

$403,200 

-$403,200 

Total catfish farm revenue 

Cash farm expenses 

Cash operating expenses 

$806,400 

$806,400 

Feed 

$278,265 

$278,265 

Fingerlings 

$72,832 

$72,832 

Labor 

$40,560 

$40,560 


$10,140 

$10,140 

Plankton control 

$3,686 

$3,686 

Gas, fuel, and oil 

$33,280 

$33,280 

Electricity 

$73,984 

$73,984 

Repairs and maintenance 

$24,832 

$24,832 

Bird depredation supplies 

$1,600 

$1,600 

Seining and hauling 

$57,600 

$57,600 

Telephone 

$2,688 

$2,688 

Office supplies 

$2,816 

$2,816 

Legal/accounting 

$1,562 

$1,562 

Insurance 

$6,477 

$6,477 

Total cash farm expenses 

$610,322 

$610,322 

Accounts payable 

0 

0 

Prepaid expenses 

0 

0 

Depreciation 

$42,707 

$42,707 

Total operating expenses 

Cash interest paid 

$653,029 

$653,029 

Interest on operating line of credit 

Interest paid on long-term loans 

$50,190 

$50,190 

Land 

$21,043 

$21,043 

Wells 

$4,800 

$4,800 

Pond construction 

$35,789 

$35,789 

Equipment 

$38,757 

$38,757 

Total cash interest paid 

$150,579 

$150,579 

Total expenses 

$803,608 

$803,608 

Net farm income from operations 

$2,792 

$2,792 


assess the feasibility of growing milkfish to a smaller 
market size and of extensive culture of milkfish in 
Hawaii. Income statements were developed for each 
scenario evaluated to measure and compare profitabil¬ 
ity. Sensitivity analyses were conducted to evaluate the 
effects on profits of varying levels of the price of milk¬ 
fish, yield (kg/ha), labor cost, feed prices, and stocking 
costs. 

The income statements indicated that the options 
considered were not economically feasible for milkfish 


as a startup business. Further analyses indicated that 
reducing the share of costs allocated to the milkfish 
enterprise on the farm will result in positive returns. 

SUMMARY 

This chapter described balance sheet and income state¬ 
ment, two of the most important financial statements 
used to analyze the financial performance of a busi¬ 
ness. The chapter explained how the net worth that is 
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calculated from the balance sheet measures the wealth 
that is being accumulated in the business. The chap¬ 
ter also explained how the income statement measures 
the profit or loss for that particular year. The struc¬ 
ture and mechanics of each of these statements is ex¬ 
plained and practical applications summarized. Issues 
related to valuation of assets, cash-based and accrual- 
based accounting, and the relationship between the two 
statements are discussed. Finally, the records required 
to develop balance sheets and income statements are 
described. 

REVIEW QUESTIONS 

1. Explain what information is obtained from the 
balance sheet. 

2. Explain what information is obtained from the 
income statement. 

3. What is the difference between an enterprise bud¬ 
get and an income statement? 

4. What is the difference between cash-based and 
accrual-based accounting? 

5. How are the balance sheet and income statements 
related? 


6. What are the difficulties posed by many aquacul¬ 
ture systems in the use of accrual-based account¬ 
ing? 

7. What is net worth and how can it be used to ana¬ 
lyze an aquaculture business? 

8. What is the difference between current liabilities 
and noncurrent liabilities? 

9. For real estate loans, how are the payments appor¬ 
tioned between current and noncurrent liabilities 
on the balance sheet? 

10. What is the primary indicator calculated on the in¬ 
come statement and how can it be used to evaluate 
the farm business? 
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INTRODUCTION 

Most aquaculture businesses are capital-intensive from 
the perspective of both short-term and long-term capi¬ 
tal. Few aquatic farmers have sufficient capital of their 
own to meet the financial needs of the business. Thus, 
most farmers borrow capital for short- and long-term 
capital needs. Short-term capital needs refer to the op¬ 
erating capital needed to purchase feed, fingerlings, 
fuel, and other operating inputs while long-term cap¬ 
ital is required to purchase land, build ponds, and 
buy equipment. Careful management of these loans 
requires that close attention be paid to the flow of cash 
and how the cash flow pattern in the business affects 
the ability to make loan payments required to service 
the debt in an adequate manner. 

A key consideration in the cash flow budget is the 
timing of receipt of cash and the timing of expenditures 
of cash. A critical component of a cash flow analysis 
is to identify when cash is expected to be received 
and when it is expected to be spent. Thus, the cash 
flow budget is a unique type of financial instrument; 
no other financial statement accounts for the timing of 
the amounts of cash coming in and going out of the 
business. 

Cash flow analysis results in a picture of the move¬ 
ment of cash into and out of the business. It represents 
on paper how much cash is available at the beginning of 
the planning period, when cash will flow into the busi¬ 
ness from what sources and at what level, and when 
cash will leave the business for which purposes and 
in what quantity. Finally, the analysis will show how 
much cash will be left at the end of the planning period. 

The bottom line of the cash flow budget is the cash 
available for each unit of time included in the analy¬ 
sis. The cash available shows whether there is enough 
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cash inflow to the business to cover all expenses to 
be incurred in the business for that particular time pe¬ 
riod. For example, for a monthly cash flow budget, 
the cash available for each month shows whether there 
is enough to meet the expenses anticipated in each 
month. If the value for that month is negative, then 
additional operating funds must be either taken from 
savings or borrowed from a lender to obtain sufficient 
cash needed for that month to make the payments. This 
chapter explains the importance of cash flow analysis 
and the difference between cash flow statements and 
budgets, describes the structure and mechanics of each, 
and explains its interpretation. 

CASH FLOW STATEMENTS VERSUS 
CASH FLOW BUDGETS 

The terminology related to cash flow analysis differs 
depending on whether the analysis is done with records 
from the past year or if it is used to project cash flow 
into the future. If the analysis is done with records from 
the past year, it is referred to as a cash flow statement, 
or a statement of cash flow. If the analysis projects 
cash revenue and expenses into the future, it is a cash 
flow budget, sometimes also referred to as a pro forma 
cash flow budget. 

IMPORTANCE OF CASH FLOW 
ANALYSIS 

Cash flow analysis is one of the most useful financial 
analyses. The balance sheet, income statement, and 
cash flow analysis combine to provide the fundamental 
set of financial analyses necessary for understanding 
the basic financial condition of a business. 

One of the most serious financial problems faced 
by farmers is the control of cash flow. Cash needs are 
often greater than the amount of cash available dur¬ 
ing the production season. Sales often tend to occur in 
groups and do not flow into the farm business evenly 
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throughout the year. Many of the receipts from sales 
occur after production has taken place, following com¬ 
plete harvest of the crop. Such a seasonal pattern of 
cash inflow creates cash deficits that cause farmers to 
draw down savings accounts or to borrow additional 
funds to cover the deficits. 

The availability of cash to make necessary payments 
is as important as profitability to the economic feasibil¬ 
ity of a business. Adequate cash flow is a key compo¬ 
nent of the financial feasibility of a business. Positive 
cash flow can often make the difference between suc¬ 
cess and failure of an aquaculture business, especially 
in the early years of a business startup. 

The cash flow budget is a critical component of any 
new business plan (see Chapter 3 for more detail on 
developing business plans). It serves as a useful tool 
for determining the most appropriate time to replace 
capital assets like aerators or tractors, or to renovate 
and rebuild ponds. Cash flow budgets can be used to 
identify the best schedule to make larger, more discre¬ 
tionary purchases of new capital, insurance premiums, 
or others that can be planned out over time. Exten¬ 
sive cash flow planning may identify opportunities to 
purchase inputs at discounts, or through more detailed 
income tax planning. 

The cash flow budget is used to evaluate the need 
for new borrowing. It provides critical insights into 
whether the business will have adequate cash avail¬ 
able when needed to meet its financial obligations. 
The time periods that exhibit a shortfall in cash are 
those in which additional new borrowing is needed. 
The amount of the cash shortfall is the amount that is 
needed. 

A cash flow budget can be used to develop a borrow¬ 
ing and debt repayment plan. Such a plan can prevent 
excessive borrowing and provide guidance as to the 
best way to pay down debt quickly. Cash flow budgets 
are used to develop accurate lines of credit that ensure 
cash will be available when needed to meet financial 
obligations. 

The cash flow analysis shows whether new loans are 
feasible and whether there will be cash when needed to 
make payments on any new loans. Businesses need ad¬ 
equate amounts of capital, but careful attention needs 
to be paid to the ability of the business to make the 
necessary payments. If the terms of lending require 
payments in excess of what the business will have 
cash for, the business may fail. 

Lenders use cash flow budgets to assess the 
chances of receiving scheduled payments on time from 
prospective new borrowers. It is a key component in a 
proper business loan proposal because it shows directly 


how and when borrowed capital (especially short-term 
operating loans) will be repaid. 

WHAT A CASH FLOW BUDGET 
IS NOT 

Cash flow statements and budgets measure cash flow 
and cash position, not profits in the business. Cash flow 
and position are extremely important components of 
an overall financial analysis of a business, but do not 
measure profit. Profit for a particular time period is 
measured by the income statement; enterprise budgets 
indicate profit in a generalized way for a typical year. 
The difference is that income statements and enter¬ 
prise budgets include noncash costs such as depreci¬ 
ation, while cash flow analysis considers movements 
of cash only. Noncash costs must be included in the 
calculation of profit because if a business cannot gen¬ 
erate enough revenue to replace its equipment when it 
wears out (cover its noncash depreciation costs), it is 
not profitable over the longer term and it will not sur¬ 
vive. Noncash revenue and expenses are not included 
in the cash flow budget; so, it does not measure profit, 
only cash position. 

This does not mean that cash flow and position are 
not important; these areas are as important as the in¬ 
formation provided by the other financial statements. 
For example, a business that shows losses on the in¬ 
come statement for a period of time can survive and 
recover. However, a business that has inadequate cash 
resources and cannot pay its bills will not last long. On 
the other hand, having a positive cash flow by itself is 
not enough to ensure that a business will be profitable 
and successful. To fully evaluate the business requires 
balance sheets and income statements in addition to 
cash flow statements and budgets. 

STRUCTURE AND MECHANICS OF 
THE CASH FLOW BUDGET 

The cash flow budget should be developed for the same 
enterprise unit as the balance sheet and income state¬ 
ment. If the entire business is for one enterprise, for 
example, catfish, then the cash flow budget should be 
developed for the entire farm, as is the case for the 
balance sheet and income statement. 

One of the basic premises of adequate cash flow 
in a business is that the bills must be paid on time; in 
other words, there must be cash available when needed 
to make the payments. If cash revenue in a particular 
month is less than the cash expenses, then money must 
be borrowed to pay the bills. However, if there is a cash 
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surplus in one time period, that surplus can roll over 
to the next time period to be used to make payments 
that are due later in the year. Or, if not needed for other 
payments that will become due, it can be used to make 
additional payments on the principal of a loan to pay 
it off more quickly and reduce the interest charges. 
Alternatively, the surplus could be deposited into a 
savings account or used to purchase other capital assets 
that might improve productivity of the farm business. 
Thus, the fundamental premise of cash flow budgeting 
is that the total cash received, regardless of whether it is 
received from the sale of product or made available by 
borrowing capital from a bank, must be at least equal 
to the total amount of expenses during that time period. 

Cash flow budgets can be structured differently de¬ 
pending on the purpose for which the analysis is being 
developed. For detailed financial planning, monthly 
cash flow budgets are useful. Monthly cash flow bud¬ 
gets are primarily used to estimate the amount and 
timing of additional borrowing needed to cover short¬ 
falls of cash in specific time periods, and to assess the 
ability of the business to make the associated payments 
on time. Monthly budgets for farm businesses are the 
most useful in agriculture because of the seasonal na¬ 
ture of most farming businesses. Monthly cash flow 
budgets allow for development of a detailed analysis 
of the relationship of the timing and amounts of cash 
flowing into and out of the business. Quarterly budgets 
can be used to develop estimates of cash flow needs 
over a several-year period. Annual cash flow budgets 
are used in investment analyses to determine cash flow 
over the life of the investment, (see Chapter 13 on 
Investment Analysis.) 

For maximum benefit to the farm manager, it is best 
to prepare an end-of-year statement of cash flows as 
part of the financial analysis for the business. The state¬ 
ment of cash flows is a financial record that records 
what happened in terms of cash flow over the past 
year. The statement of cash flows will show the pat¬ 
tern of cash flow over the past year and provides insight 
into when payments will be needed for the upcoming 
year. It will also show the time periods in which cash 
flow is likeliest to be a problem. The cash flow budget 
is then developed for the upcoming year to project the 
future needs of the business, plan for new borrowing, 
and schedule payments to meet debt-servicing require¬ 
ments. 

A cash flow budget summarizes and itemizes cash 
inflows (cash received into the business) and the cash 
outflows for the business for the specific time period 
analyzed. There are certain key principles to keep in 
mind when constructing a cash flow budget. As trite 


as it may seem, it is important to keep in mind that 
only cash inflows and outflows are considered. No 
noncash revenue or noncash expenses are considered. 
For example, depreciation is not included in the cash 
flow budget, but the proceeds from sales of any capital 
assets are included. Inventory values are not included 
but receipts from sales of product from inventory are. 

Principal payments are not included in the income 
statement, but represent a cash outflow. Thus, pay¬ 
ments of both principal and interest are included in 
the cash flow budget. A primary concern in the cash 
flow budget is the timing of receipt of revenue and 
expenses. The cash flow budget is prepared by identi¬ 
fying the timing and magnitude of the expected cash 
flows into and out of the business. Each type of rev¬ 
enue or expense is charged during the specific period 
when it is received or incurred. Thus, if a major capital 
asset is purchased during a given period, its entire cost 
is charged out in that time period in the cash flow bud¬ 
get. All cash received and expended must be identified 
and included in the appropriate time period in which 
it is received and expended. 

The cash flow budget is set up with columns that 
represent specific time periods and rows that include 
specific line items of cash inflow or outflow. A cash 
flow budget developed to make management decisions 
on the farm (typically, a monthly cash flow budget) 
would include each month in a column in the cash 
flow budget. The rows would include the specific rev¬ 
enue items, operating expenses, capital expenditures, 
and scheduled debt payments. The cash available is 
calculated for each month. If the cash flow budget 
is developed for an investment analysis, the columns 
would be years instead of months. 

The cash flow budget begins with the sources of 
cash receipts that are expected to flow into the busi¬ 
ness. Cash receipts frequently include the cash balance 
available at the beginning of the time period, cash rev¬ 
enue from sales of farm products sold, cash received 
from the sale of capital assets (land, equipment, brood- 
stock), and nonbusiness cash receipts from nonfarm 
cash income, cash gifts, and other sources of cash. 

The beginning cash balance or the amount of cash 
on hand at the beginning of the period is listed first. 
The beginning cash amount is taken directly from the 
current portion of the balance sheet for January 1. 
This is followed by each source of farm cash revenue 
generated by sales of the crop or of other capital assets. 
The cash revenue items are summed to generate total 
cash inflow for the time period. 

The easiest way to begin to complete the cash flow 
budget is to create a total column on the far right of the 
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budget. Annual totals for each line item are recorded 
in the total column. For example, the total amount 
of cash inflow from the sale of fish, shrimp, or crabs 
expected for the coming year is recorded in the total 
column for the row of product sales for the business. 
This amount will be the same total value of revenue in 
the enterprise budget and the total amount of revenue 
from product sales on the income statement. The next 
step is to apportion the amount of this revenue to be 
received for each month. The monthly amounts should 
add up to the total listed in the total column for each 
line item. 

After cash receipts are itemized by time period, 
the same is done with cash outflows. Cash outflows 
typically include farm operating expenses, cash out¬ 
flows from the purchase of any new capital assets 
(land, equipment, and broodstock), any nonbusiness 
expenses such as living expenses, and payments of 
principal and interest on outstanding loans. 

Operating expenses are itemized first. Each type 
of operating expense is listed. Thus, there is a row 
for feed expenses, fingerling costs, labor costs, utili¬ 
ties, etc. The total amount for the year is recorded in 
the total column on the far right of the budget. Then, 
each month’s expense is recorded for the appropriate 
month. For example, catfish fingerlings typically are 
purchased in February or March; fingerling expenses 
would then be listed in either February or March as ap¬ 
propriate. The values of each type of cash outflow for 
each time period should add to the amount listed in the 
total column. The amount in the total column should 
equal that in the enterprise budget and the income state¬ 
ment for each type of operating expense. Comparing 
the sum of individual months with the amount listed 
in the total column is a good way to check for errors 
in the accuracy of the budget. 

The next section of cash outflow is to itemize the 
expenses that result from the purchase of capital as¬ 
sets such as equipment or broodstock. Family living 
expenses frequently are included in the cash flow bud¬ 
get, particularly when it will be used for applying for 
loans from banks. 

Payments of principal and interest for each loan are 
itemized in the subsequent section. All loan payments 
are included, for both current and noncurrent liabili¬ 
ties. It is best to itemize the payments by individual 
loan. This makes it easier to check the payments and to 
make adjustments from year to year as the individual 
loans are paid off. 

All expenses are summed to calculate total cash 
outflow for each month. The difference between total 
cash inflow and total cash outflow is the cash available. 


sometimes called ending cash balance, for that partic¬ 
ular time period. If the cash available is negative, this 
means that there is insufficient cash generated during 
the period to meet all cash obligations and additional 
borrowing is needed for that time period. After adding 
in the new borrowing, the cash balance is obtained. If 
the cash available is a positive number for a particular 
month, then there is cash available that can be used 
for other purposes. An economical use of extra cash is 
to pay off the principal of existing loans, particularly 
the operating capital loan. Paying off the principal as 
quickly as possible will minimize the total interest ex¬ 
penses paid. If not used to pay off loans, this cash 
amount can be carried over to subsequent time periods 
for upcoming cash needs in the coming months. 

Cash balance becomes the beginning cash available 
at the start of the next time period. The basic rule for 
cash balances is that the ending cash balance be at least 
zero. That means that there is sufficient cash inflow to 
meet the cash needs for that time period. However, a 
zero ending cash balance also means that there is no 
cushion of cash for any unexpected problems or unan¬ 
ticipated expenses. It is prudent for the farm manager 
to plan for a certain amount of surplus cash to roll over 
from one time period to the next. 

At the bottom of the cash flow budget, it is useful 
to maintain an accounting of the debt outstanding for 
each loan. Principal payments made in a time period 
are subtracted out of the balance owed in the out¬ 
standing debt section. Maintaining an accounting of 
outstanding principal amounts on loans is not neces¬ 
sary for the cash flow budget, but it is a useful practice. 
It should be adjusted from month to month to reflect 
additional payments on the principal as well as any 
new borrowing. These lines of outstanding amounts 
of principal reflect the overall pattern of debt and 
how it changes across the annual production cycle 
and patterns of cash flow. The lines of outstanding 
debt on operating loans will also indicate whether the 
farm is approaching any maximum limits on borrowed 
capital. 

COMPARISON OF CASH FLOW 
BUDGET WITH OTHER FINANCIAL 
INSTRUMENTS 

The cash flow budget represents a flow of cash over 
a period of time, unlike the balance sheet that repre¬ 
sents the financial position at one specific point in time. 
The income statement also represents a flow of income 
and expenses, but includes all revenue and expenses, 
not just cash revenue and expenses. The cash flow 
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statement summarizes the year’s transactions and can 
help to reconcile net income calculated on an accrual 
basis (see Chapter 11 for a discussion of accrual- 
based and cash-based accounting for income state¬ 
ments) with the change in cash position. 

The cash flow budget contains all cash flows and 
does not contain any noncash revenue or noncash ex¬ 
penditures. Thus, what is included in a cash flow bud¬ 
get is distinct from the tabulation of revenue and ex¬ 
penses on the enterprise budget and income statement. 
The income statement includes noncash revenue like 
positive changes in inventory whereas the cash flow 
budget does not. Similarly, depreciation is included in 
an income statement as a noncash expense but because 
depreciation is not a cash expense, it is not included 
in the cash flow budget. The total value of a new trac¬ 
tor (capital asset) purchased would not be included in 
the income statement but is a negative cash flow in the 
cash flow budget because it is a cash outflow. Cash flow 
budgets for farms frequently include cash outflow for 
personal expenses, because these may affect the cash 
available for the farm business; personal expenses are 
not included in the income statement. 

The cash flow budget does not indicate profit. The 
income statement is the measure of profit in the busi¬ 
ness. Because the cash flow budget does not include 
noncash expenses, it does not measure profit. It only 
measures the flow of cash. It is possible to have a large 
positive cash flow and low profits from a business. 
This can occur when capital assets such as equipment 
or land are sold. The cash proceeds are included as cash 
inflow, but may decrease profits because fewer crops 
can be sold from less land. Similarly, it is possible to 
have negative cash flow and a high profit. If new assets, 
such as new ponds, are built, or ponds are renovated, 
these cash expenses will decrease the cash available to 
the business, but may result in greater profits from the 
sale of additional crops in the future. 

Depreciation and changes in inventory values for 
many items are included in the income statement but 
do not enter the cash flow budget. The cash flow bud¬ 
get contains several items that do not enter the income 
statement, such as the principal payments on debts 
and capital expenditures. The income statement in¬ 
cludes all project expenses (whether paid or not) and 
the value of items produced (whether sold for cash or 
not). On the other hand, the cash flow budget identi¬ 
fies the amount and timing of all projected inflows and 
outflows of cash. 

Purchases of assets and loan activity are included 
in cash flow statements and budgets but are not re¬ 
flected on the income statement, particularly if it is 


accrual-based. This is because exchanging an asset for 
a different asset (selling a tractor to buy aerators) or 
exchanging an asset for a liability (selling an asset to 
pay off a debt) do not constitute net income, but these 
types of transactions do affect the cash position. The 
income statement is not adequate to show the effects 
of these transactions on cash position, but the cash 
analysis does reflect these effects. 

The beginning cash of the cash flow budget is the 
value shown in the beginning balance sheet. Similarly, 
the ending cash position of the last period in the cash 
flow budget is the cash on hand for the projected year- 
end balance sheet. Projected capital sales and capital 
purchases from the cash flow budget supply the nec¬ 
essary information for determining the ending balance 
sheet values of capital assets. Information on loans 
outstanding at the end of the year for the operating 
line, intermediate-term loans, and long-term loans on 
the pro forma balance sheet come directly from the 
cash flow budget. 

RECORD-KEEPING FOR CASH 
FLOW BUDGETS 

Inflows and outflows for the cash flow statement can 
be taken directly from records of receipts and expen¬ 
ditures for each time period. A record-keeping system 
for cash analysis that has been used effectively is a 
cash analysis book. In such a book, there is a col¬ 
umn to record a description of each transaction. This 
is followed by two additional columns, one to record 
the date of each transaction and the other to record 
the number of the check or receipt. Maintaining the 
records in a looseleaf notebook provides flexibility 
and individual sheets can be sent to the accountant. 

It is best to have separate columns for receipts and 
payments, as well as to separate capital receipts and 
capital payments. The cash analysis book should be 
updated at least once a month, to keep the receipts and 
expenses current. The total for each category should 
be added up each month. 

Most cash in a business moves through the checking 
account of the business. Thus, the checking account 
statements are a prime source of data for maintaining 
records for the cash flow budget. 

The statement of cash flows is one of the finan¬ 
cial records that should be maintained by the business. 
Careful records of actual cash flows by month, by 
recording and summarizing cash receipts and cash ex¬ 
penses each month provide a basis for comparison with 
those budgeted for that month. This monthly compar¬ 
ison provides a basis for early identification of cash 
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flow problems. This allows more time to search for 
solutions and to make necessary changes. 

Inventory records are necessary to develop the cash 
flow budget (see section on Record-Keeping for the 
Balance Sheet in Chapter 11). The estimates of inven¬ 
tory should include estimates of the quantity and value 
of existing crops available for sale during that budget 
period. 

Records of outstanding loans, dates of scheduled 
payments on each loan, and the amount to be charged 
to principal and interest will be required. 

PRACTICAL APPLICATION: CASH 
FLOW BUDGET FOR A 256-ACRE 
CATFISH FARM 

Table 12.1 presents a monthly cash flow budget for 
the 256-acre catfish farm example used in previous 
chapters. Each month’s cash flow is listed as a sepa¬ 
rate column. Each line item (revenue or expense) is 
described in the column to the far left. The column on 
the far right has the total amount. The total amount for 
each line item should correspond to the amount from 
the enterprise budget. This serves as a useful check on 
the accuracy of the budget. 

The first line category is revenue. The first item 
listed under revenue is the "beginning cash.” Begin¬ 
ning cash is the amount of cash that is available to the 
business at the beginning of the time period. For the 
January column, the beginning cash is what the farmer 
has available to contribute to the farm business, often 
from a farm savings or checking account. In this ex¬ 
ample, the amount of beginning cash for the farm at 
the beginning of January is $578,834. 

The next line includes the sales of food-sized cat¬ 
fish, the only product sold by this farm business. Most 
cash flow budgets include only the dollar value of the 
products sold by month, but for spreadsheets, it is of¬ 
ten easier to track if the actual weight is included as 
a separate line, as is done in Table 12.1. In this ex¬ 
ample, the farm sold 46,080 lb of catfish in January. 
The sales price was $0.70/lb and, thus, the revenue re¬ 
ceived in January from sales of food-sized catfish was 
$32,256. The revenue from sales of catfish foodfish 
is then added to the amount of beginning cash to ob¬ 
tain the total cash inflow for that month, in this case, 
$611,090 for January. 

The next major heading in the cash flow budget is 
operating cash expenses. Each type of expense is item¬ 
ized in a separate row. These rows should correspond to 
the line items in the enterprise budget and in the income 


statement. Thus, there are separate rows for feed, fin- 
gerlings, labor, plankton control, gas, diesel fuel, and 
oil, electricity, repairs and maintenance expenses, bird 
depredation costs, seining and hauling charges, tele¬ 
phone expenses, office supplies, farm insurance, and 
legal/accounting fees. The expected cost of each of 
these that is anticipated to occur in that month is listed 
in the appropriate row. There are few feeding days in 
January for channel catfish, and so only $2,783 is ex¬ 
pected to be spent on feed that month. Fingerlings are 
not planned to be stocked until February and March; 
thus, there is no charge in January for the purchase of 
fingerlings. The farm hires two people year-round who 
feed and check night-time levels of dissolved oxygen 
during the summer and spend most of their time scaring 
birds and repairing equipment over the winter. Because 
they work fairly constant hours across the year, their 
salary cost is constant. The farm also hires some sea¬ 
sonal or part-time labor over the summer months, so 
those charges do not appear in the cash flow budget un¬ 
til May and run through September. Plankton control 
expenses are not incurred until the summer months, 
either, with no charge in January. Gas, diesel fuel, oil 
charges, electricity costs, and repairs and maintenance 
expenses are incurred to some degree over the winter 
months, but all increase during the primary production 
period of May through October. On the other hand, bird 
depredation costs are incurred over the winter months 
when the migratory birds are resting and feeding on 
catfish ponds. Seining and hauling costs are incurred 
in the months when catfish are sold. Because they are 
charged by the pound of fish sold, this cost can be 
linked to the pounds of fish sold in each month. Costs 
of the telephone, office supplies, farm insurance, and 
legal/accounting fees occur in each month throughout 
the year. 

When the operating expenses are completely 
recorded by line item for the month of January, these 
are summed to obtain total monthly cash expenses. For 
the month of January, these total to $14,940. This is the 
total amount of cash that is needed to pay the expenses 
that will be incurred in January. 

The next category of items is the debt servicing 
lines. It is easier to manage and interpret the cash flow 
budget if each loan is listed separately on the cash flow 
budget, under the categories of real estate, equipment, 
and operating capital. It is also useful to separate the 
principal payments for each loan on a separate line 
from the interest payments. In Table 12.1, this farm 
does not have any loans (see Table 12.2 for a cash 
flow budget with debt-servicing payments) and, thus, 
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there are no payments on interest or principal. The 
total debt-servicing payments are summed and added 
to the total monthly cash expenses to obtain the total 
cash outflow, $14,940, for the month of January. 

The total cash outflow is subtracted from the total 
cash inflow to obtain the cash available for the month 
of January. In this example, $596,150 is available af¬ 
ter paying the expenses incurred during the month. 
Thus, there is adequate cash flow for this time period. 
If the cash available were negative, that would indi¬ 
cate that there is not sufficient cash flow in January 
and that additional operating capital would need to be 
borrowed. Any new borrowing to cover the shortfall 
in cash for January is listed in the next line, “new 
borrowing.” Then, the negative cash flow amount is 
subtracted from the new borrowing amount to obtain 
the amount for the cash balance row. This cash balance 
is the amount of cash then that is available to begin the 
next period. The cash balance amount is copied to the 
beginning cash amount for February. The process con¬ 
tinues with filling in the appropriate revenue, expense, 
and debt-servicing amounts in each line item for each 
subsequent month. 

With no financing charges in Table 12.1, the cash 
available increases over the year. Thus, without financ¬ 
ing, this farm shows a positive cash position. 

The final lines on the cash flow budget do not reflect 
the flow of cash in the business, but rather keep a 
running tab on the outstanding balances on each loan. 
These rows are not essential for the cash flow budget, 
but are useful to have a continuous view of the amount 
of principal remaining to be paid for each loan. This 
is particularly useful for the operating loan. Over the 
course of the production period, the business must 
generate enough cash to pay back the operating loan. 
If the principal owed continues to increase and does 
not get paid down, this is an indication of financial 
problems. If the operating loan increases for a period 
of time and then begins to decrease, then the budget 
will show when it will be paid in full. 

Table 12.2 illustrates a cash flow budget for the same 
256-acre catfish farm. However, this particular farm 
has financed 30% of all its capital. It still has an out¬ 
standing loan that was originally used to construct the 
ponds, took out equipment loans to purchase several 
tractors, and has an operating loan. In Table 12.2, all 
the revenue and expense items are identical to those 
in Table 12.1. However, this farm had to borrow its 
operating capital, not having access to the $578,834 
assumed to be available in Table 12.2. This farm, bor¬ 
rowing 30% of its capital, then has the amount of its 


operating loan, $173,650, received from the bank as 
beginning cash at the beginning of January. 

The difference between the budget in Table 12.2 and 
that in Table 12.1 is in the debt-servicing payments. 
The payments on the real estate loan are scheduled to 
be paid in December and the equipment loan payments 
in November. These are convenient payment periods 
for a catfish farm because the majority of the fish are 
market-size during this time period and cash frequently 
is more readily available at the end of the year than at 
the beginning. 

In Table 12.2, with 30% financing, the cash available 
decreases throughout the year. While the cash position 
is still positive, the loss of cash throughout the year 
indicates that there may be problems of cash flow the 
next year. 

Table 12.3 shows the effect of 50% of the market¬ 
sized fish being off-flavor. Revenue from catfish sales 
decreases. This results in negative cash available in 
July, which necessitates additional borrowing to main¬ 
tain a cash balance of at least $10,000. Additional bor¬ 
rowing is needed in November and December to meet 
equipment and real estate payments, respectively. At 
the end of the year, the operating loan outstanding is 
higher than at the beginning of the year. Given the 
amount of cash available in January through June, the 
operating loan could be restricted to borrow less early 
on. 

Table 12.4 shows that, with careful management, the 
cash flow deficit is less, although it is not favorable, 
and still decreases across the year. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Kam et al. (2002) included a cash flow analysis as 
part of an analysis of size economies of the Pacific 
threadfin Polydactylus sexfilis. The 5-year annual cash 
flows included cash outflows from operating, invest¬ 
ment, and financing activities. From these, an internal 
rate of return was calculated to compare various sizes 
of production units. The financial analysis indicated 
that transferring the nursery stage to growout farmers 
instead of the hatchery reduces the cost per fry. 

SUMMARY 

Cash flow analysis is the third component of a com¬ 
plete financial analysis. While the balance sheet indi¬ 
cates financial position, strength, and wealth, and the 
income statement shows profits, the cash flow analy¬ 
sis indicates the cash position of the business. While 
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the business must generate profit over time to continue 
in business, it will not survive in the short run with¬ 
out adequate cash flow. Cash flow budgets are critical 
for planning to meet the cash needs of the business but 
are also required for credit applications to demonstrate 
adequate repayment capacity. Monthly cash flow bud¬ 
gets are the most useful for planning purposes. The 
cash flow budget tracks only cash inflow and outflows. 

REVIEW QUESTIONS 

1. List five uses of a cash flow budget. 

2. What is the difference between a cash flow state¬ 
ment and a cash flow budget? 

3. Outline the basic structure of a cash flow budget. 

4. How does one determine the beginning cash to 
start a cash flow budget? How is the beginning 
cash of subsequent time periods determined? 

5. Explain the difference between handling capital 
assets in the cash flow budget and in the income 
statement. 


6. Explain why cash flow budgets cannot be used as 
a measure of profit. 

7. Explain how to set up a cash flow budget to be 
able to identify an appropriate borrowing pattern 
for an operating line of credit. 

8. Explain how depreciation is handled in a cash flow 
budget. 

9. What are the most important indicators of cash 
flow in the cash flow budget? What portion of 
the budget gives the most rapid view of the cash 
position of the business? 

10. Give an example of how a cash flow budget can 
be used to improve overall farm management. 

REFERENCE 

Kam, Lotus E., PingSun Leung, Anthony C. 
Ostrowski, and Augustin Molnar. 2002. Size 
economies of a Pacific threadfin Polydactylus sexfilis 
hatchery in Hawaii. Journal of the World Aquacul¬ 
ture Society 33(4):410M-24. 
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INTRODUCTION 

Previous analyses presented in this book have dis¬ 
cussed techniques to analyze the profitability of an 
aquaculture enterprise for a particular point in time. 
Financial analyses such as the enterprise budget, in¬ 
come statements, and monthly cash flow budgets tend 
to focus more on operating capital required for produc¬ 
tion inputs like feed, fingerlings, and labor. However, 
the land, ponds, tanks, raceways, aerators, hatcheries, 
and other buildings are just as important to the aqua¬ 
culture business. Moreover, the farm manager has a va¬ 
riety of options related to these types of capital goods. 
For example, equipment can be bought or sold but it 
can also be rented from someone else or leased to an¬ 
other farmer to generate revenue. Thus, management 
of long-term capital goods is more complex in some 
regards than the management of operating inputs and 
capital. 

This chapter provides an overview of various types 
of investment analyses. It presents a summary of the 
time value of money and how this relates to investment 
decisions. Results from various investment analyses 
are compared and contrasted. 

OVERVIEW OF INVESTMENT 
ANALYSIS 

Capital is often the most limiting of resources used in 
agriculture over the long term, and the efficiency of its 
use in the business is an important consideration. Over 
time, any resource can be acquired with capital, if suf¬ 
ficient capital resources are available. Theoretically, a 
farm could be tripled in size by buying more land and 


purchasing other farms, or it could be cut in half by 
selling off half its ponds. However, the scale of op¬ 
eration can be altered similarly by adding equipment 
to intensify and produce more per acre as opposed to 
expanding acreage. It is critical for the manager to eval¬ 
uate the best uses of the capital available to the farm. 

There are two broad categories of capital in any 
business: operating and investment capital. Operating 
capital is the capital used to cover the annual operat¬ 
ing expenses while investment capital is the long-term 
capital used to acquire "capital goods.” Capital goods 
are those that will be used over time, typically for a 
period of more than a year. Capital assets such as land, 
equipment, and ponds typically involve a large initial 
expense with resulting returns spread over a number 
of future periods. Time is not a major issue for exam¬ 
ining annual operating inputs, but it is of importance 
when analyzing the profitability of capital assets. Cap¬ 
ital assets often involve large amounts of money and 
the returns are received over many years and at dif¬ 
ferent time periods, sometimes at irregular intervals. 
Thus, careful consideration of the size and timing of 
the annual cash flows over the years of useful life of 
the investment is important. 

Aquaculture businesses tend to require higher levels 
of capital investment than do other forms of agricul¬ 
ture. This is because the structures to hold the water for 
the aquatic crops being raised, whether outdoor ponds 
or indoor tanks, are relatively expensive. Moreover, 
aquaculture farms require some unique structures and 
equipment, such as systems to maintain oxygen con¬ 
centrations in water, that are not required for other live¬ 
stock businesses. These structures frequently require 
substantial amounts of investment capital to construct 
along with backup systems to ensure continual oper¬ 
ation. Given this high degree of capital intensity in 
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many aquaculture businesses, understanding the prof¬ 
itability and management of an aquaculture investment 
over the course of its business life is critical. 

Analyses that estimate the profitability of the uses 
of capital invested in an aquaculture business over its 
business life are referred to as “investment analyses,” 
or sometimes as “capital budgeting.” An investment 
is an addition of a durable or capital good to a busi¬ 
ness. Thus, investments add noncurrent assets to the 
business. These types of assets have long-lasting con¬ 
sequences. Investment analyses determine the prof¬ 
itability of spending funds on capital assets (those that 
will be used for more than 1 year). 

Investment capital has characteristics and properties 
that differ substantially from operating capital. Thus, 
the analytical methods used to evaluate investment 
capital decisions differ from those used to evaluate 
operating capital. 

The differences in investment capital as compared 
to operating capital arise primarily from the extended 
time period between when the initial expense or in¬ 
vestment was made and when returns are received. 
Investment capital is expended at one point in time 
to build ponds or purchase equipment, but the returns 
from use of the investment capital are received over a 
period of years. Investment capital assets often require 
a large initial outlay of capital that is then followed 
by additional operating expenses and returns that are 
spread over a number of years into the future. Oper¬ 
ating capital typically is used to purchase production 
inputs that are used within a period of 1 year or less. 
Capital investments are assets that last a long time and 
decisions related to their acquisition cannot be changed 
quickly or within one production cycle. 

The bottom line measure obtained from an invest¬ 
ment analysis is the profitability of the investment over 
its useful life. However, there are a number of differ¬ 
ent types of methodologies for investment analysis and 
each results in the calculation of a different indicator 
as its bottom line measure. The most common types of 
investment analyses are: (1) payback period; (2) sim¬ 
ple rate of return; (3) net present value (NPV); and (4) 
internal rate of return (IRR). Each of these is named 
for the indicator that is calculated as the bottom line 
of the analysis. The payback period results in a calcu¬ 
lation of the number of years required to “pay back” 
the investment or to recover an amount of revenue that 
equals the amount of the initial investment. The simple 
rate of return calculation results in a percentage that 
indicates what percent of the investment is received 
from the average annual net returns. The NPV anal¬ 


ysis calculates an indicator called NPV as its bottom 
line. Similarly, the IRR is the bottom line of the IRR 
analysis. 

The unit of analysis for an investment analysis is 
the investment under consideration. Thus, if a farm is 
considering investing in additional ponds, the unit of 
analysis is the investment cost of the additional ponds 
being proposed and not the investment in the entire ex¬ 
isting farm. If the investment analysis is considering a 
new piece of equipment, then the unit of analysis is the 
investment cost of that particular piece of equipment. 
However, if the investment decision were the purchase 
of an entire farm, then the appropriate unit of analysis 
would be the entire farm. 

In aquaculture, there are many decisions for which a 
formal investment analysis should be made. Purchase 
of an aquaculture business is a major investment ex¬ 
pense and its profitability over time should be analyzed 
thoroughly. However, building additional ponds or ren¬ 
ovating ponds also represent investment capital deci¬ 
sions that would appropriately be analyzed with in¬ 
vestment analysis methods. However, even equipment 
purchases and technology upgrades in the business 
should be evaluated with investment analyses prior to 
incurring the expense. 

UNDERLYING CONCEPT OF 
INVESTMENT ANALYSIS: TIME 
VALUE OF MONEY 

The primary concept that underlies investment analy¬ 
sis is that a dollar received today is worth more than 
a dollar to be received at some point in the future. 
This concept is best understood by considering com¬ 
pound interest of a sum of money invested. Interest 
accrues on the investment with the accrued interest 
added back into the amount of the value of the in¬ 
vestment. The value of the funds invested increases as 
the compounded interest continues to be added into 
the original amount. Thus, in 5 years, the future value 
(FV) will be greater than the original value of what was 
invested (present value). The extent of the difference 
is determined by the interest rate. 

Figure 13.1 illustrates this concept. Present value 
(PV) represents the amount invested initially when the 
ponds were built or the equipment purchased. How¬ 
ever, PV also is the value today of amounts of money 
to be received in the future. FV, on the other hand, 
represents the amount of money to be received in the 
future or the amount of money that the PV will become 
in the future when invested at a certain interest rate. 
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Annual net cash flows (payments) 

+812,000 +$12,000 +812,000 +812,000 +812,000 



-§45,000 

Present value 

Figure 13.1. Stream of net cash flows from an initial investment. 


The payment (PMT) is the amount of money that will 
be paid at the end of each time period. The interest rate 
(i) is also called the discount rate and is the rate that is 
used to calculate the PVs and FVs. The term “interest 
rate” is used when compounding PVs into FVs and the 
term “discount rate” is used for the rate used to cal¬ 
culate the PV from future receipts. Both interest and 
discount rates represent the opportunity cost of capital 
and serve as pricing mechanisms for the time value of 
money. Interest rates equate present and future claims 
on financial assets that will yield revenue at different 
points in time. 

The interest rate (i) is typically expressed as a per¬ 
centage. Thus, a 10% interest rate is expressed as 0.10. 
The number of time periods is expressed as n. These 
time periods are the number of periods during which 
either a PMT is made, interest is calculated, or revenues 
are received. For example, if funds invested earn in¬ 
terest that is compounded monthly, there would be 24 
time periods over a 2-year period (12/year). Flowever, 
if PMTs are made only once a year, there would only 
be two periods in a 2-year period. If the time periods 
are less than a year, the interest rate must be adjusted 
accordingly by calculating first a monthly rate and then 
the rate for the appropriate amount of time. 

The calculations of PV and FV can go backwards in 
time or forward in time, depending upon the question 
that is being asked. If the question is to identify what 
an investment will be worth at some point in the future, 
then one starts with a PV, compounded into the future 
to reach an FV with compound interest. The interest 


earned by the investment is added (compounded) into 
the principal. The compounded amount then earns in¬ 
terest through the next time period. Thus, the principal 
amount increases through time due to compounding 
and so do the interest PMTs. The information needed 
to do the calculation is the PV, the interest rate, and 
the number of time periods during which PMTs will 
be made. 

Table 13.1 illustrates how this happens. It shows 
an investment of $5,000 that is invested at a simple 
annual interest rate of 4%. The value at the end of 
the first year would be $5,200. In Year 2, this $5,200 
would earn annual interest of 4% ($208), for a total 
value at the end of Year 2 of $5,408. $imilarly, in Year 
3, this $5,408 would earn $216 and be valued at $5,624 
at the end of Year 3. Thus, money that someone has 
today could be invested to earn interest that will result 


Table 13.1. Increase in Value of an 
Investment Initially Made of $5,000 at an 
Annual Simple Interest Rate of 4% for 3 Years. 


Year 

Value at 
beginning 
of year 

Annual 

simple 

interest 

rate 

Annual 

interest 

earned 

Value of 

investment 

at end of 

year 

1 

$5,000 

4% 

$200 

$5,200 

2 

$5,200 

4% 

$208 

$5,408 

3 

$5,408 

4% 

$216 

$5,624 
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in an increase in its value to that amount plus interest 
by some future date. The formula used is: 

FV = PV(1 + i) n (13.1) 


Table 13.1 is a simple example that can be calcu¬ 
lated easily for several years. However, when there are 
a large number of time periods, the calculation can 
become quite time consuming. Fortunately, spread¬ 
sheet software programs now include functions that 
make these calculations quite simple. For example, 
Microsoft® Excel can be used to calculate the FV 
of an amount saved that will earn an annual simple 
rate of interest that is compounded annually with the 
FVSCHEDULE function For the example illustrated 
in Table 13.1, a spreadsheet is set up that indicates the 
PV of $5,000 and the annual interest of 4% (entered 
as 0.04) for each of the 3 years. In the cell where the 
FV is to appear, the “=” sign is clicked and a dialogue 
box will appear. Clicking next to “Principal” either the 
number $5,000 can be entered, or the cell where that 
amount is can be clicked. Then, the column of values 
for the interest rates for each year (0.04) must be high¬ 
lighted. After clicking “enter,” the answer will then 
appear in the cell. 

In areas where computers may not be available, ta¬ 
bles of values for (1 + i) n can be used to facilitate 
this calculation (Table 13.6). The tables show the FV 
of $1 for various combinations of interest rates and 
time periods. Thus, for the example in Table 13.1, the 
value from the table for an interest rate of 4% for 3 
time periods (3 years with a single PMT each year) is 
1.1249. Multiplying the $5,000 by this value of 1.1249 
results in $5,624, the same value as that at the end of 
the 3-year time period. 

When an FV is known, its corresponding PV can be 
calculated through a similar, but reverse process, using 
discounting. The FV of an investment is “discounted” 
back to the PV with calculations that are inverse to 
those used in compounding. Discounting is used to 
compare an investment that is made today with the fu¬ 
ture income that will be earned from that investment. 
PVs are compounded to find FVs and FVs are dis¬ 
counted to identify PVs. The formula for calculating 
PV is: 


PV = 


FV 

a + 0" 


(13.2) 


Spreadsheet software programs can also be used to 
facilitate these calculations. In this case, the PV func¬ 
tion can be used. It is applied in the same manner as 
that described above for the FVSCHEDULE function 


that calculates FV. Tables can also be used to calculate 
this value for a PV from FVs (Table 13.7). The value 
for the example in Table 13.1 is 0.889. Thus, 0.889 
times $5,624 is the PV of $5,000. 

Investment analysis, then, uses the discounting cal¬ 
culations to estimate the profit to be earned from an 
investment. The revenues to be earned over time as a 
result of the investment in a new piece of equipment, or 
additional land and ponds are “discounted” back to the 
present for each time period and then added together. 

The discounting process accounts for the fact that 
money available today could have been invested in 
such a way that a rate of interest would have been 
earned over time. The interest that the investment cap¬ 
ital would have earned if it had been invested in some 
other way is an “opportunity cost,” or the value of what 
would have been earned from some other use of the 
investment capital. Investment analysis accounts for 
the opportunity cost of the capital invested. 

Table 13.2 illustrates the cash flow for three differ¬ 
ent investment alternatives. Each investment option re¬ 
quires an initial investment of $45,000, which is shown 
as a negative value in Year 0. Investment Alternative 
A shows the greatest overall revenue, $70,000. How¬ 
ever, is Investment Alternative A really the best invest¬ 
ment? Investment Alternatives A, B, and C have very 
different cash flows. Investment Alternative A gener¬ 
ates little revenue in the early years of the investment, 
while Investment Alternative C provides a great deal 
of positive revenue in the early years, but that revenue 
tapers off in Year 4. Investment Alternative B provides 
constant net revenue across all 5 years. In this chapter, 
the payback period, simple rate of return, NPV, and 
IRR will be calculated for this example and the ad¬ 
vantages and disadvantages of each discussed before 
answering the question of which investment option is 


Table 13.2. Net Cash Flows that would Likely 
Result from Three Different Types of 
Investments that could be Made on a Farm. 


Year 

Investment A 

Investment B 

Investment C 

0 

-$45,000 

-$45,000 

-$45,000 

1 

$8,000 

$12,000 

$18,000 

2 

$11,000 

$12,000 

$17,000 

3 

$14,000 

$12,000 

$14,000 

4 

$17,000 

$12,000 

$9,000 

5 

$20,000 

$12,000 

$3,000 

Total 

$70,000 

$60,000 

$64,000 



Investment Analysis (Capital Budgeting) in Aquaculture 


163 


the most profitable. The chapter concludes with an ex¬ 
ample of a practical application of investment analysis 
in aquaculture. 

INVESTMENT ANALYSIS 

The information needed for an investment analysis in¬ 
cludes the initial cost of the investment, the annual net 
cash revenues to be received, the terminal value of the 
investment, and the interest or discount rate. The ini¬ 
tial cost should be the actual expenditure for the piece 
of equipment or other capital good. Net cash revenues 
need to be estimated for each time period by subtract¬ 
ing net cash expenditures from cash receipts. Only cash 
receipts are included. In addition, the family living ex¬ 
penses often included in a monthly cash flow budget 
should be excluded from the annual cash flow bud¬ 
get used for investment analysis. This is because the 
investment analysis measures the profitability of the 
use of capital to be invested. Family living expenses 
are not part of the costs of the new proposed invest¬ 
ment. Noncash expenses like depreciation are already 
accounted for with the initial cost of the investment 
and terminal cost. The terminal value is estimated in 
the same way as the salvage value for a depreciable as¬ 
set. The discount rate is the opportunity cost of capital. 
It represents the rate of return that the investor could 
have earned by investing the funds in some other type 
of investment. 

Payback Period 

The payback period is the number of years it would 
take for an investment to return its original cost through 
the annual net cash revenues it generates. It is the 
amount of time that it takes to recoup the initial in¬ 
vestment from the net cash flow resulting from that in¬ 
vestment. The payback period is expressed as number 
of years, not as a cash amount. The preferred invest¬ 
ment alternative is the one with the shortest payback 
period. If net cash revenues are constant each year, the 
payback period can be calculated as follows: 

P = - (13.3) 

E 

where P = payback period in years; 7 = amount of 
investment; and E = expected annual net revenue. 

If annual net cash revenues are not equal, the rev¬ 
enues are added year-by-year to find the year in which 
the total of the annual net cash revenue is equal to the 
amount of the investment. 


The investment alternatives and their cash flows pre¬ 
sented in Table 13.2 can be compared using the pay¬ 
back period. In this table, only Investment Alternative 
B has equal annual net cash revenue. Because it does, 
the formula indicated above can be used. The amount 
of the investment is $45,000 and the annual net cash 
flow is $12,000. Thus, the payback period is $45,000 
divided by $12,000, or 3.75 years. Thus, for Invest¬ 
ment Alternative B, the payback period is 3.75 years. 

The annual net cash revenues are not equal for in¬ 
vestment options A and C. Thus, to calculate the pay¬ 
back period, the annual net cash flows are summed year 
to year to determine how many years will be required 
to pay back the original amount of the investment. 
For Investment Alternative A, the annual net cash rev¬ 
enues of $8,000, $11,000, and $14,000 are summed 
to $33,000. Thus, it will take 3 years and 8.5 months 
(an annual net cash flow of $17,000 is equivalent to 
$l,417/month; it will take 8.5 months into Year 4 to 
generate the additional $12,000 to pay back the invest¬ 
ment) to generate sufficient net revenue to pay back 
the investment. According to the payback period, In¬ 
vestment Alternative B is preferable to A because it 
has a slightly shorter payback period. For Investment 
Alternative C, the payback period is found by adding 
$20,000 and $18,000 to get $38,000. The additional 
$7,000 would be received during the 7th month of 
Year 3. Thus, the payback period for Alternative C 
is 2.6 years. According to the payback period, then, 
Alternative C is preferred because it has a shorter pay¬ 
back period in spite of its lower overall net revenue 
across the 5-year period. 

The payback period can be used to rank investments 
by choosing the investment option with a shorter pay¬ 
back period. The payback period has the advantage of 
being easy to use, and it quickly identifies investments 
with the most immediate cash returns. The example 
from the net cash flows in Table 13.2 shows the ease 
with which the payback period is calculated. 

Disadvantages of the payback period are that it ig¬ 
nores any cash flows occurring after the end of the pay¬ 
back period. For example, it ignores the very large net 
cash flows in Year 5 of Alternative A. It also does not 
account for the timing of the cash flows during the pay¬ 
back period. Thus, the payback period measures more 
the investment’s contribution to liquidity than its con¬ 
tribution to profitability. It is not the best measure to use 
because it is not a true measure of profitability. How¬ 
ever, it is useful for firms with low liquidity that must 
concentrate on quick cash recovery because it mea¬ 
sures the speed of recovery of the initial investment. 



164 


Economic and Financial Analysis of Aquaculture Businesses 


Simple Rate of Return 

The simple rate of return expresses average annual net 
revenue as a percentage of the investment. Net revenue 
is found by subtracting the average annual depreciation 
from the average annual net cash revenue. 

The formula used is: 

Average annual net revenue 

--- x 100 (13.4) 

Cost of the investment 

For the three investment options in Table 13.2, then, 
the simple rate of return is: 

Investment A $14,000 divided by $45,000, or 31% 
Investment B $12,000 divided by $45,000, or 27% 
Investment C $12,600 divided by $45,000, or 28%. 

Thus, according to the simple rate of return, the prefer¬ 
able option is A, with the highest rate of return, fol¬ 
lowed by C and then B. Alternatives B and C earn a 
similar rate of return because the average annual net 
cash flow is similar. This method does not account for 
the substantial difference in the pattern of cash flow. 

The simple rate of return is an improvement over 
the payback period in terms of measuring profitability 
because it considers the earnings of an investment over 
the entire life of the investment. However, there is a 
major disadvantage in that it fails to consider the size 
and timing of the annual earnings and can therefore 
cause errors in selecting investments. This is especially 
true when net revenues are increasing or decreasing. 


Net Present Value 

NPV is also known as the discounted cash flow 
method. NPV is equal to the sum of the PVs for each 
year’s net cash flow less the initial cost of the invest¬ 
ment. PV is equal to the current value of a sum of 
money to be received or paid in the future. It is found 
with discounting and is equal to the sum of PVs for 
each year’s net cash flow less the initial cost of the in¬ 
vestment. It can also be viewed as that sum of money 
which would have to be invested now at the given inter¬ 
est rate to equal the FV on the same date. Figure 13.1 
illustrates the stream of net cash flow for Investment 
Alternative B. 

Mathematically, NPV is calculated as follows: 


NPV 


■ 


(1 + /) 1 (1 + /) 2 

P„ 

+---C 

(1 + /)" 


(13.5) 


where NPV = net present value; P„ = net cash flow 
in year, n; I = discount rate; and c = initial cost of 
investment. 

Investments with a positive NPV would be accepted; 
those with a negative NPV rejected, and a zero value 
makes the investor indifferent. With a positive NPV, 
the rate of return of the investment is higher than the 
discount rate used, and it is greater than the opportunity 
cost of capital used as the discount rate. Projects with 
a greater NPV are the most favored. The limitations of 
the NPV analysis are that it depends on the discount 
rate and that it does not determine the actual rate of 
return. 

NPV can be calculated with a hand calculator or 
spreadsheet based software, such as Microsoft® Ex¬ 
cel. The NPV for the three investment alternatives pre¬ 
sented in Table 13.2 were calculated using an Excel 
spreadsheet with the NPV function. When the NPV 
function is selected, a dialogue box opens that asks 
for the discount rate. If the prevailing cost of capital 
(interest rate) is 10%, for example, then the discount 
rate is expressed as 0.10. Once the discount rate is 
entered, the NPV function dialogue box then asks for 
the values. The first value in the row should be the 
total investment amount, expressed as a negative num¬ 
ber (Figure 13.1). The second value is the net cash 
flow for Year 1, followed by the net cash flow for 
Year 2. 

The NPV that is calculated is expressed as a dollar 
value. If it is positive, then the investment is profitable 
because the flow of returns, after accounting for the 
time value of money at the discount rate (interest rate) 
selected, is above 0. If the NPV is negative, then the in¬ 
vestment earns less than its opportunity cost (discount 
rate or interest rate that would have been earned by the 
investment) and is not profitable. 

For the three investment options listed in Table 13.2, 
Alternative C has the highest NPV ($5,987), followed 
by Alternative A ($5,374), and then Alternative B 
($445) (Table 13.3). Strictly speaking, NPV values, 
technically, should not be compared to rank invest¬ 
ments. Each of these options has a positive NPV and, 
thus, all are profitable investments. 

The limitation of the NPV is that the value calculated 
depends upon the discount rate selected. Varying dis¬ 
count rates will change the NPV. Moreover, the NPV 
does not calculate the rate of return actually earned 
by the investment. The other drawback of the NPV is 
that the size of the NPV is affected by the size of the 
investment. To overcome this limitation, a profitability 
index can be calculated by dividing the total PV of the 
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Table 13.3. Net Cash Flows, Net Present Value (NPV), and Internal Rate of Return (IRR) 
Calculation with Excel Dialogue Boxes. 


Investment option 



Year 



NPV* 

IRR* 

0 

1 

2 

3 

4 

5 

A 

($45,000) 

$8,000 

$11,000 

$14,000 

$17,000 

$20,000 

$5,374 

14% 

B 

($45,000) 

$12,000 

$12,000 

$12,000 

$12,000 

$12,000 

$445 

10% 

C 

($45,000) 

$20,000 

$18,000 

$14,000 

$9,000 

$3,000 

$5,987 

17% 


*Excel formula for NPV is NPV(0.1, B13:G13). The range of cells is specific to the particular Excel file the analyst is working on. In the formula, 0.1 is 
the interest rate of 10% and B13:G13 is the row of cells with the net cash flows, with B13 being the initial investment, that is negative. 

^Excel formula for IRR is IRR(B13:G 13,0.1). The range of cells is specific to the particular Excel file the analyst is working on. In the formula, B13:G13 
is the row of cells with the net cash flows, with B13 being the cell with the initial investment, that is expressed as a negative value. The value of 0.1 in 
the formula is an estimate of what the IRR will be; this facilitates the analysis. 


cash flows by the total PV of the investment required. 
The higher the profitability index, the better. 

Internal Rate of Return 

The IRR is the actual rate of return on the investment 
with proper accounting for the time value of money. It 
is also called the marginal efficiency of capital, yield 
on investment, or discounted yield. The equation used 
is that for the NPV, but the equation is solved for 
i, the interest rate when NPV = 0. This equation is 
difficult to solve. It requires trial and error, but it can 
be solved through Microsoft Excel and other programs. 
Its interpretation is that any investment with an IRR 
greater than the opportunity cost of capital is profitable. 
Some investors select an arbitrary cutoff point. Unlike 
the NPV, it can be used to rank investments which have 
different initial costs and lives. The limitation of the 
IRR is that it implicitly assumes that annual net returns 
or cash flows can be reinvested to earn a return equal to 
the IRR. If IRR is fairly high, this may not be possible 
and the IRR may overestimate the actual rate of return. 

The IRR calculated for the three options in Table 
13.2 were calculated with the IRR function in Excel 
(Table 13.3). The dialogue box asks for the array of 
values that represent first the investment, again ex¬ 
pressed as a negative number, and then the series of 
annual net cash flows. The same spreadsheet is used to 
calculate both the NPV and IRR. For the examples in 
Table 13.2, the IRR was 14% for Alternative A, 10% 
for Alternative B, and 17% for Alternative C. 

One of the limitations of the IRR is that when the 
cash flow of a project changes from positive to negative 
during the life of the project, the IRR can produce more 
than one solution. Moreover, it does not reflect the size 


of the project. However, it is readily understood by 
businesses and lenders. 

COMPARISON OF INVESTMENT 
ANALYSIS INDICATORS 

Table 13.4 compares the results for the three invest¬ 
ment options described in Table 13.2. Based strictly 
on the payback period. Alternative C is preferred. The 
simple rate of return shows Alternative A as the best. 
The IRR calculations show both Alternatives A and C 
with the highest rate of return, but the NPV selects Al¬ 
ternative C. Overall, Alternative C would be selected as 
the best choice in spite of not having the highest over¬ 
all net returns over time. It has the shortest payback 
period, hence, contributes the most to the business’ 
liquidity. It generates the same IRR as A, but has a 
higher NPV. This is because it returns revenues faster 
and earlier than A; these revenues are worth more over 
time because they could then be invested in other types 
of revenue-generating activities. 


Table 13.4. Comparison of Investment 
Analysis Indicators for Three Investment 
Options (Described in Table 13.2). 


Investment analysis 

Indicator 

Investment option 

A 

B 

c 

Payback period 

4.2 years 

4.5 years 

2.6 years 

Simple rate of return 

31% 

27% 

28% 

Net present value 

$5,374 

$445 

$5,987 

Internal rate of return 

14% 

10% 

17% 
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RELATIONSHIP BETWEEN NPV 
ANDIRR 

NPV and IRR are closely related. This is because they 
both are based on net cash flows that use the same dis¬ 
counting method. The difference is that the calculation 
of NPV requires that a discount (interest) rate be spec¬ 
ified at the outset. IRR, on the other hand, computes 
the interest rate that yields a zero NPV. The IRR and 
NPV typically result in the same rankings of projects, 
although there are some exceptions. 

DATA REQUIREMENTS FOR 
INVESTMENT ANALYSIS 
(CAPITAL BUDGETING) 

The amount of the initial investment must first be deter¬ 
mined. This is the amount of funds that the investor or 
owner is willing to commit to the project or investment. 
The total amount of investment must include all costs 
associated with the investment. These include any 
taxes, transportation charges, installation costs associ¬ 
ated with roads, or electrical supply in addition to the 
purchase cost of the asset. If there is a trade-in value, 
it should be subtracted from the purchase amount. 

Net cash flows measure the expected future returns 
for the investment alternatives. Net cash flows are ob¬ 
tained by subtracting out cash outflows from cash re¬ 
ceipts for each time period. Net cash flows are not 
profits because noncash items are not included. At the 
end of the planning horizon (10 years for a 10-year cash 
flow budget), whatever remaining value exists in cap¬ 
ital goods is included as a terminal or residual value. 

The planning horizon for the analysis must be spec¬ 
ified. One factor that is important in deciding on the 
length of the planning horizon is the useful life of the 
asset. If the analysis were for an investment in a new 
piece of equipment, an appropriate planning horizon 
would be the useful life of the capital good. 

RECORD-KEEPING 

Investment analysis combines records maintained for 
other purposes on the farm. Essentially, enterprise 
budget-style cost analyses must be developed. The 
types of information and records required for a proper 
enterprise budget can be found in Chapter 10. 

Once an investment analysis has been developed, 
the Excel files associated with it should be maintained. 
These can be used as templates for future analyses or 
to develop sensitivity analyses related to variations in 
parameter values to evaluate other conditions. 


PRACTICAL APPLICATION: 
DOUBLING THE NUMBER OF 
AERATORS ON A 256-ACRE 
CATFISH FARM 

An example of an investment decision on a fish farm 
would be the decision to expand aeration capacity from 
1 hp/acre to 2 hp/acre. For a 10-acre pond, then, this 
would require adding 1 additional 10-hp aerator to 
each pond to supplement the existing 10-hp aerator. 
For the 256-acre farm that has 25 10-acre ponds, an 
additional 25 aerators would need to be purchased. At 
a cost of $4,500, the additional investment would be 
$112,500 for the farm. 

The benefit of expanding aeration capacity would 
be the ability to maintain higher levels of dissolved 
oxygen in the pond. Higher levels of oxygen would be 
expected to result in higher yields (lb/acre) of catfish. 
Thus, if yield increased by 500 lb/acre and catfish price 
was $0.70/lb, the additional revenue would be $89,600. 
The additional weight of fish sold would require ad¬ 
ditional harvesting and seining costs. Electricity costs 
would also increase. The total increase in use of elec¬ 
tricity was assumed to be 90%, instead of a doubling 
of use, because aerators would be turned on sequen¬ 
tially as oxygen begins to fall. This example analysis 
assumed that a 5-year loan was taken out at a 10% 
interest rate, to finance the purchase of the aerators. 

Table 13.5 shows the results of the investment anal¬ 
ysis. The payback period would be 3.3 years with a 
NPV of $16,038 (10% discount rate) and an IRR of 
16%. Thus, under the assumptions used in this analy¬ 
sis, the expansion of aeration capacity is a profitable 
investment. Additional yields above 500 lb/acre, cat¬ 
fish prices above $0.70/lb, electricity usage less than 
that assumed, or lower electric rates would result in 
greater profit levels. Conversely, if yield remained the 
same, this investment would not be profitable. If ad¬ 
ditional yields were less than 500 lb/acre, or if catfish 
prices were lower or more electricity would be used, 
the profitability of this investment would be reduced. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Trimpey and Engle (2005) used an investment analysis 
to evaluate the profitability of purchasing an in-pond 
mechanical grader for food-sized channel catfish. The 
cost of a commercial-scale version of the grader was 
estimated. Benefits were estimated on the basis of tri¬ 
als of the efficiency of the grader in both experimental 
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Table 13.5. Annual Cash Flow Budget for Investment Analysis of Adding 1 hp/acre of Additional 
Aeration to a 256-acre Farm. 


Item 


Year 0 

Year 1 

Year 2 

Year 3 

Year 4 

Year 5 

Cash receipts 



89,600 

89,600 

89,600 

89.600 

89,600 

Cash inflow 



89,600 

89,600 

89,600 

89.600 

89,600 

Operating expenses 









Fingerlings 


— 

— 

— 

— 

— 


Feed 


— 

— 

— 

— 

— 


Fertilizer 


— 

— 

— 

— 

— 


Chemicals 


— 

— 

— 

— 

— 


Labor 


— 

— 

— 

— 

— 


Electricity 


44,390 

44,390 

44,390 

44,390 

44,390 


Diesel 


— 

— 

— 

— 

— 


Gasoline 


— 

— 

— 

— 

— 


Repairs and maintenance 


— 

— 

— 

— 

— 


Levee repairs 


— 

— 

— 

— 

— 


Postharvest handling 


6,400 

6,400 

6,400 

6.400 

6,400 


Marketing 


— 

— 

— 

— 

— 


Insurance 


— 

— 

— 

— 

— 

Total 



50,790 

50,790 

50,790 

50,790 

50,790 

Capital expenditures 



— 

— 

— 

— 

— 

Other expenses 



— 

— 

— 

— 

— 

Scheduled debt payments 









Principal—real estate 


— 

— 

— 

— 

— 


Interest 


— 

— 

— 

— 

— 


Principal—equipment 


22,500 

22,500 

22,500 

22.500 

22,500 


Interest 


4,479 

4,479 

4,479 

4,479 

4,479 


Principal—operating 


— 

— 

- 

— 

— 


Interest 


— 

— 

— 

— 

— 

Total cash outflow 



55,269 

55,269 

55,269 

55,269 

55,269 

Cash available 



34,331 

34,331 

34,331 

34,331 

34,331 

New borrowing 



— 

— 

— 

— 

— 

Cash balance 



34,331 

34,331 

34,331 

34,331 

34,331 

Debt outstanding 









Real estate 


— 

— 

— 

— 

— 


Equipment 


90,000 

67,500 

45,000 

22,500 

— 


Operating 


— 

— 

— 

— 

— 

Net cash flow 


(112,500) 

34,331 

34,331 

34,331 

34,331 

34,331 

Net present value (NPV) 

Discount rate 


0.10 






NPV 


16,038 





Internal rate of return (IRR) 

IRR 


16% 






and commercial catfish ponds. The trials provided data The results showed payback periods from 0.1 to 2.0 
on the size distributions of fish harvested from the tra- years. The mechanical grader was shown to be prof- 

ditional live car passive grading system and the active itable with positive NPVs and internal rates of return 

mechanical grader. Various scenarios of deductions that were greater than the current opportunity cost of 
from processing plants for out-of-size fish were used capital. Both NPV and internal rates of return increased 
to compare the relative benefits for the size distribu- with farm size. The analysis showed that it was eco- 

tions of fish from the traditional, passive technology nomically feasible to adopt the in-pond mechanical 

to the active mechanical technology. grader. 



Table 13.6. Future Value of a $1 Investment. 
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Years 10.5% 11% 11.5% 12% 12.5% 13% 13.5% 14% 14.5% 15% 15.5% 16% 16.5% 
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19.9926 22.8923 26.1967 29.9599 34.2433 39.1159 44.6556 50.9502 58.0985 66.2118 75.4153 85.8499 97.6737 

32.9367 38.5749 45.1461 52.7996 61.7075 72.0685 84.1115 98.1002 114.3384 133.1755 155.0135 180.3141 209.6078 

54.2614 65.0009 77.8027 93.0510 111.1990 132.7816 158.4289 188.8835 225.0191 267.8635 318.6246 378.7212 449.8182 



Table 13.7. Present Value of a $1 Lump Sum. 

Years 4% 4.5% 5% 5.5% 6% 6.5% 7% 7.5% 8% 8.5% 9% 9.5% 10% 
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Economic and Financial Analysis of Aquaculture Businesses 


SUMMARY 

Investments in assets that will be used over a period of 
years must be evaluated differently from operating in¬ 
puts because of the time periods involved. Many aqua¬ 
culture businesses are capital-intensive and require a 
great deal of capital investment. Thus, understanding 
how to evaluate and manage these investments from a 
financial perspective is important. 

The time value of money is central to understanding 
how to analyze these investments. Investment capital 
has an initial PV that can be invested at a particular 
interest rate to compound over time into a FV. Con¬ 
versely, the returns generated over a period of years 
in the future (FV) can be discounted back to calculate 
their PV. 

The most commonly used types of investment anal¬ 
yses are the payback period, NPV, and the internal rate 
or return. The payback period is simple to calculate 
and provides a measure of the contribution to liquidity 
of an investment by indicating how many years it will 
take to recover the amount of the investment. However, 
the payback period does not consider revenue gener¬ 
ated beyond that point in time and does not account for 
the timing of cash flows. The NPV is the sum of the 
PVs of the revenue generated in each year. It accounts 
for the timing of revenue and considers all revenue 
over the life of the investment. However, the NPV de¬ 
pends upon the discount rate selected. The IRR uses 
the same annual cash flow and calculations, but results 
in a determination of the interest rate generated by the 
investment. 

REVIEW QUESTIONS 

1. What are the differences between operating and 
investment capital? 


2. Explain how compounding and discounting are 
similar and how they are different. 

3. Define the following investment indicators: 

a. Payback period 

b. Simple rate of return 

c. NPV 

d. IRR 

4. Compare and contrast NPV and IRR. 

5. Explain why revenue earned in the future does 
not have the same values as capital in hand at the 
moment. 

6. Explain how PVs and FVs are related. 

7. Contrast the data requirements for calculating the 
payback period, the simple rate of return, the NPV, 
and the IRR. 

8. Develop a table that indicates the limitations of 
each of the four major investment indicators. 

9. What is the most important information to be ob¬ 
tained from each of the four major investment 
indicators? 

10. What specific information can be obtained from 
each of the four investment indicators that can be 
used to make good investment decisions? 

REFERENCE 
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nomic feasibility of adoption of a new in-pond 
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INTRODUCTION 

Aquaculture is a capital-intensive business. As shown 
in Chapter 10, aquaculture businesses frequently re¬ 
quire over $ 1,400/acre to construct pond facilities and 
over $3,000/acre to operate the business. Few individ¬ 
uals have sufficient capital to be able to provide all the 
capital required from their own resources. Thus, most 
aquaculture entrepreneurs must borrow capital to have 
adequate amounts for a successful business. 

Capital is classified into terms that reflect its source. 
Capital provided by the owners, including any part¬ 
ners, is referred to as equity capital. Equity capital 
has been an important source of capital for agriculture 
in general and aquaculture specifically. Historically, 
the primary source of equity capital in agriculture has 
been from retained earnings. Capital that is borrowed 
on credit is referred to as debt capital. This chapter 
focuses on considerations related to borrowing debt 
capital from lenders. 

Credit is used in a variety of ways in an aquaculture 
business. For example, it can be used to create and 
maintain an adequate size of business. This is espe¬ 
cially true for those aquaculture businesses for which 
economies of scale exist (see Chapter 7 for more on 
economies of scale). It can also be used to increase the 
efficiency of operation in the business. For example, 
older ponds that have silted in may be very shallow 
with reduced capacity to store oxygen. Thus, credit 
that provides capital to renovate ponds may result in 
deeper ponds with improved oxygen profiles and better 
fish yields. 

Borrowing capital may also be necessary to adjust to 
changing economic conditions. Increased commodity 
prices in 2007-2008 resulted in dramatic increases 
in the price of feed. In such a situation, additional 
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borrowing may be needed to continue to purchase the 
feed necessary to produce an adequate crop of fish. 

Credit can also be used to meet seasonal fluctuations 
in income and expenditures. These fluctuations may 
result in cash shortfalls at certain times of the year, and 
it may be necessary to borrow additional operating 
capital to cover these cash shortfalls. Good financial 
planning includes taking steps necessary to protect 
the business against adverse conditions. Maintaining 
a credit reserve will provide a ready source of capital 
that can be drawn upon when market prices and rev¬ 
enue fall or when input costs and expenses increase. 
Credit can also provide continuity in the business, 
particularly in times of inheritance, and transfers of 
estates. 

Borrowing debt capital creates financial risk for the 
aquaculture business. Loans and the resulting debt re¬ 
sult in fixed financial obligations. Moreover, the loan 
becomes a claim against the assets of the business, the 
land, ponds, buildings, and equipment. 

The financial plan for the business must carefully 
match up the expected cash flow, repayment of the 
loans taken out to provide necessary capital, and 
the anticipated financial performance of the aquacul¬ 
ture business. These must be coordinated carefully. 
The structure of the loans affects the business’s cash 
flow. Ideally, each loan is structured to match the length 
of the payoff periods with the asset’s useful life, and 
the earnings pattern generated by the assets acquired 
with the loan. These are referred to as self-liquidating 
loans, loans that are used to acquire assets that gen¬ 
erate enough revenue over the life of the loan. With 
self-liquidating loans, the asset being financed gener¬ 
ates more revenue than the size of the loan taken out 
and the payments are made from the cash produced 
from that asset. Thus, the loan does not decrease the 
business’s liquidity. A maturity period of a loan that is 
too short to generate the revenue required will result 
in liquidity and cash flow problems. 
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The first step in preparing to borrow capital is to 
carefully evaluate the credit capacity of the borrower. 
It is essential to determine the ability of the business 
to bear additional financial risk. The balance sheet 
(see Chapter 11 for more detail on preparing balance 
sheets) can be used to measure whether the farm can 
withstand financial losses without being forced into 
liquidation. The next step is to carefully assess whether 
the new loan will add to potential profits or not, to 
understand what are the effects on the business’s net 
returns. Finally, the firm’s repayment capacity must be 
evaluated. The lender will want to be repaid in cash. 
The business’s ability to do so will be influenced by the 
liquidity of fish, cash flow, and the income-generating 
capacity of the business. 

This chapter discusses various types of loans, types 
of security and collateral, loan repayment, amortiza¬ 
tion calculations, and repayment schedules. 

TYPES OF LOANS 

While there are different ways to classify different 
types of loans, the most common types of loans are: 
operating, equipment, and real estate loans. Operating 
loans typically are short-term loans that are repaid in 
the same year. Operating loans typically are used to 
purchase production inputs such as fingerlings, feed, 
fuel, and electricity that are used in production and are 
not carried over to another year. These assets cannot 
be recovered in their original form; they are recovered 
when the crop is sold. Repayment frequently is tied to 
the sale of the crop by placing a lien on the fish crop. 

The need for operating capital is more urgent in 
some respects than it is for other types of capital. The 
business must have adequate quantities of capital avail¬ 
able to acquire the necessary types and quantities of 
inputs to operate at a profitable level. It is also critical 
to have sufficient credit reserves to withstand unex¬ 
pected losses or adverse conditions (mortalities due to 
a disease outbreak, for example). Operating loans are 
listed as current liabilities on the balance sheet. Equip¬ 
ment loans are most often used to purchase tractors, 
aerators, generators, and hauling trucks. Equipment 
loans are intermediate-term loans that typically are re¬ 
paid over a period of about 5-7 years. Equipment loans 
frequently have 1-2 payments per year. Because the 
equipment purchased with an equipment loan will be 
used for a number of years in the aquaculture business, 
it would be financed over its useful life. Equipment 
loans are listed as noncurrent liabilities on the balance 
sheet. 


Real estate loans are long-term loans that are typi¬ 
cally repaid over a period of 15-30 years. Real estate 
loans typically are used to purchase land, build ponds, 
dig wells, and to construct building and grading sheds. 
Real estate loans are listed as noncurrent liabilities. 

Operating loans can be set up in different ways. With 
single-payment loans, principal is payable in one lump 
sum when the loan is due, along with accrued interest. 
Simple interest is charged on single-payment loans. 
The disadvantage of a single-payment loan is that the 
farmer may end up borrowing more money than what 
is needed at that one point in time. 

With a line of credit, loan funds are transferred into 
a farm account as needed, up to an approved maximum 
amount. The aquaculture owner, then, can borrow 
freely up to the approved maximum amount. Payments 
are made when income is received. Accumulated (ac¬ 
crued) interest is paid first, and then payments are made 
on the principal. Approval of a line of credit by a bank 
typically requires a comprehensive cash flow budget. 

Financing noncurrent assets (equipment, ponds, 
buildings) requires different types of loans because 
these types of assets are used for more than 1 year. The 
cost of these types of assets is charged as depreciation 
to the farm business (see Inset 10.1 in Chapter 10 for 
details). Loans for depreciable assets should be struc¬ 
tured to use the capital set aside for depreciation losses 
for repayment of the loan. If the loan is structured in 
this manner, the loan becomes a self-liquidating loan 
because it is paid off over the useful life of the asset, 
the period of time when it is generating revenue for 
the farm business. Thus, for a piece of equipment that 
is expected to be used for 7 years, the loan should be 
structured to be repaid within 7 years. A loan that is 
repaid over a shorter period of time will often result in 
cash being diverted from other uses to pay down the 
loan. 

Land is a noncurrent asset but is not depreciable 
because it does not have a definable useful life. Funds 
used to pay off farm real-estate loans typically are 
taken from retained earnings (profits minus income 
taxes) for the business. 

SECURITY AND COLLATERAL 

Lenders require borrowers to commit assets to provide 
assurance that the loan will be repaid. Assets commit¬ 
ted to a loan are referred to as security or collateral. In 
the event that the borrower cannot make the payments 
necessary on the loan, the lender can take possession 
of the assets pledged to the loan. The lender typically 
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will sell these assets to recover the amount of the loan 
outstanding. 

Loans with collateral pledged are referred to as se¬ 
cured loans whereas a borrower with outstanding credit 
may be granted an unsecured loan, one without specific 
collateral committed to it. Unsecured loans are also 
referred to as signature loans. There are few, if any, 
unsecured loans granted for aquaculture businesses. 
Lenders prefer secured loans because the collateral 
pledged reduces the risk that the lender will lose the 
principal amount loaned to the borrower. Collateral 
used for equipment and real estate loans may include 
land or a home. Collateral for long-term loans typically 
is some sort of pledge of farm real estate, frequently, 
the land and the ponds. 

LOAN REPAYMENT 

Repayment schedules should be developed primarily 
on the basis of the borrower’s cash flow budget. The 
purpose of the loan and the type of collateral used may 
affect the repayment plan. The repayment schedule 
should be developed jointly between the lender and 
the borrower. 

Total interest paid will be greater for loans with 
longer terms and repayment periods. Shorter repay¬ 
ment periods will result in lower amounts of total in¬ 
terest paid but higher payments. Interest is calculated 
with the following equation: 

I = P x IxT 

Where I is the total amount of interest to be paid, P is 
the amount that is borrowed (principal), i is the interest 
rate, and T is the number of payments to be made. 

A single-payment loan is the most simple type of 
loan. There is only one payment made that includes 
the total amount of the principal and interest paid in 
one lump sum. For this type of loan, interest is charged 
for 1 year on the total amount of the principal. Because 
the entire amount plus interest is paid in one payment. 


careful cash flow budgeting is critical to be certain that 
adequate cash is available to make that payment. 

As an example, if $30,000 is borrowed at 10% annu¬ 
ally for 1 year, the single payment would be $30,000 x 
10% x 1 year. The interest would be $3,000 and the to¬ 
tal payment (principal plus interest) would be $33,000. 
This interest payment is referred to as simple interest. 
It should be noted that, if this loan were repaid in 6 
months instead of a year, then the total interest would 
only be $1,500 because the “T" or time period would 
be 0.5 (half a year) instead of 1 for 1 year. 

A single-payment operating loan is the simplest type 
of loan, but it is generally not adequate for fish farming 
operating capital. A single-payment loan must be rene¬ 
gotiated each year, with new paperwork, applications, 
and approvals. The paperwork takes time and often 
results in operating capital not being available when 
needed. Single-payment loans also often result in bor¬ 
rowing more money than what is needed at one time. 

The most common type of operating loan for aqua¬ 
culture is a line of credit. With a line of credit, loan 
funds are transferred into the farm account as needed. 
The line of credit is established with an approved 
maximum amount or cap. Once the borrowing cap 
is reached, the farmer cannot use any additional funds 
from the operating line of credit. Payments on the op¬ 
erating line of credit typically are tied to receipt of 
revenue from crop sales. The accumulated interest on 
the loan is paid first with the rest applied to the prin¬ 
cipal amount. While there is no absolute repayment 
schedule, the timing of the distribution of funds typi¬ 
cally is determined by a cash flow budget (see Chapter 
12 for details on cash flow budgeting). 

Table 14.1 demonstrates how an operating loan 
is structured and used. In this example, $15,000 is 
borrowed on February 1 and $15,000 more bor¬ 
rowed on April 1 with another $5,000 borrowed on 
September 1. Total borrowing, then, on September 
1 is $35,000. On October 1, following sales of fish, 
a payment is made of $26,542. Of this, $1,542 was 


Table 14.1. Line of Credit (Interest Rate = 10%). 


Date 

Amount borrowed 

Amount repaid 

Interest paid 

Principal paid 

Outstanding balance 

February 1 

$15,000 

0 

0 

0 

$15,000 

April 1 

$15,000 

0 

0 

0 

$30,000 

September 1 

$5,000 

0 

0 

0 

$35,000 

October 1 


$26,542 

$1,542 

$25,000 

$10,000 

December 1 


$10,167 

$167 

$10,000 

$0 

Total 

$35,000 

$36,709 

$1,709 

$35,000 

— 
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paid on the accumulated interest and $25,000 paid on 
the principal. This leaves an outstanding balance of 
$10,000 on the loan. On December 1, a final payment 
is made of $10,167 that includes an interest payment 
of $167 and a payment on the principal of $10,000. 

Lines of credit are preferable to single-payment op¬ 
erating loans because funds are borrowed only when 
needed. Thus, the total amount of interest paid is less 
than with a single-payment loan. However, a line of 
credit requires good financial management and careful 
cash flow budgeting and monitoring to avoid borrow¬ 
ing more than can be repaid. 

LOAN AMORTIZATION AND 
SCHEDULES 

Loans can also be “amortized” or spread across the 
length of the loan. Amortization of a loan results in a 
table that shows the total payment due on each payment 
date, the amount of the payment that is applied to 
the principal, and the amount that is applied to the 
interest. This table is referred to as an “amortization 
schedule." There are different techniques and types 
of amortization schedules. This chapter discusses the 
most common types of amortization schedules for the 
most common types of loans. With amortized loans, 
the original amount borrowed (principal), the annual 
interest rate, the length of the loan, and the number of 
payments per year are negotiated between the borrower 
and the lender. An amortized loan has periodic interest 
and principal payments. It is also referred to as an 
“installment loan.” As the principal is repaid and the 
loan balance declines, interest payments decline. 

There are two main types of amortized loans: equal 
principal payments and equal total payment loans. 
With equal principal payments, each payment includes 
an equal amount of payment on the principal. For ex¬ 
ample, Table 14.2, shows that an equal principal pay¬ 
ment amortized loan for a $50,000 loan to be repaid 
over 5 years at an interest rate of 6%, will have an 
equal principal payment of $10,000 per year over the 
5 years. With an equal principal loan, the amount of 
interest paid declines each year. Moreover, the total 
payment made declines, as the amount of interest paid 
declines while the principal portion of the payment 
remains the same. However, the payments in the early 
years are quite high and may be difficult for borrow¬ 
ers to make. In Table 14.2, the payment in Year 1 is 
$1,800 higher than the payment in Year 4. This can 
pose a particularly difficult payment schedule for a 
new or startup business that does not generate much 
revenue in the early years. 


Table 14.2. Equal Principal Payment 
Amortized Loan for a $50,000 Loan to be 
Repaid over 5 Years at an Annual Interest 
Rate of 6%. 


Year 

Principal 

paid 

Interest 

paid 

Total 

payment 

Principal 

remaining 

1 

$10,000 

$3,000 

$13,000 

$40,000 

2 

$10,000 

$2,400 

$12,400 

$30,000 

3 

$10,000 

$1,800 

$11,800 

$20,000 

4 

$10,000 

$1,200 

$11,200 

$10,000 

5 

$10,000 

$600 

$10,600 

$0 


With equal total payment amortization schedules, 
the payment made each time remains the same, but the 
amount paid on principal and interest will vary over the 
life of the loan. Thus, the payment in the first year or so 
is the same as the last payment on the loan. The debt¬ 
servicing requirements in the early years of the loan 
are lower than with an equal principal payment loan. 

Table 14.3 illustrates an equal total payment 
amortized loan. Tables of amortization factors (Tables 
14.7 and 14.8) can be used to facilitate development 
of the amortization schedule for an equal total 
payment amortized loan. The payment to make for 
each scheduled payment period is calculated by 
multiplying the original principal amount borrowed 
by the amortization factor. 

In Table 14.7, an amortization factor of 0.23740 
(found in Table 14.7 by looking at the appropriate 
column for an interest rate of 6% and the row that cor¬ 
responds to the 5-year term of the loan). The amortiza¬ 
tion factors are calculated with the following equation: 

i 

Amortization factor = - (14.1) 

[1 — ( 1 + *')-")] 


Table 14.3. Equal Total Payments for a 
$50,000 Loan over a Period of 5 Years at an 
Interest Rate of 6%. 


Year 

Total 

payment 

Interest 

paid 

Principal 

paid 

Principal 

remaining 

1 

$11,870 

$3,000 

$8,870 

$41,130 

2 

$11,870 

$2,468 

$9,402 

$31,728 

3 

$11,870 

$1,904 

$9,966 

$21,762 

4 

$11,870 

$1,306 

$10,564 

$11,198 

5 

$11,870 

$672 

$11,198 

$0 
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Applying this amortization factor to the principal 
amount of $50,000 generates the payment amount of 
$11,870. Spreadsheet-based software programs, like 
Microsoft® EXCEL include functions to make these 
calculations. In EXCEL, the function to use is “PMT.” 
It requires specification of the interest rate (as a deci¬ 
mal), the number of payments, and the total principal 
amount. 

In Year 1, the interest owed is 6% of the total princi¬ 
pal owed ($50,000), or $3,000. The rest of the payment, 
then, is used as a principal payment of $8,870. At the 
end of Year 1, the remaining amount of principal is 
$41,130. In Year 2, the total payment is the same, at 
$11,870. Interest paid is 6% of $41,130, or $2,468, 
with the principal payment of $9,402. The payments 
on the principal increase over the period of the loan. 

BALLOON PAYMENTS 

Balloon payments are amortization schedules in which 
the initial payments are particularly low. Balloon pay¬ 
ments result in the principal not being paid by the end 
of the term of the loan. In some balloon payment loans, 
the periodic payments include only interest payments 
and the principal amount is not being paid down. Be¬ 
cause there often is a substantial amount of the princi¬ 
pal remaining at the end of the loan period, refinancing 
with another loan may be necessary. 

Table 14.4 illustrates a balloon payment for a loan 
of $50,000 for 5 years at an interest rate of 6%. This 
example shows an annual payment of $7,429 for each 
of the first 4 years with a final payment in Year 5 of 
$32,509. 

SOURCES OF CREDIT 

Private lenders (commercial banks) have been the pri¬ 
mary source of debt capital in the aquaculture indus¬ 
try. Private lenders have provided loans for real estate, 
equipment, and operating loans. Banks generally hold 
a large share of farm loans in general. This is due 


Table 14.4. Balloon Payment for $50,000 for 
5 Years at an Annual Interest Rate of 6%. 


Year 

Total 

payment 

Interest 

paid 

Principal 

paid 

Principal 

remaining 

1 

$7,419 

$3,000 

$4,419 

$45,581 

2 

$7,419 

$2,735 

$4,684 

$40,897 

3 

$7,419 

$2,454 

$4,965 

$35,932 

4 

$7,419 

$2,156 

$5,263 

$30,669 

5 

$32,509 

$1,840 

$30,669 

$0 


mostly to the numbers of banks in rural areas. Many 
banks that supply a great deal of credit to agriculture 
are small, rural banks that rely heavily on the local 
economy for their funds. 

The farm credit system has also been an important 
source of debt capital for aquaculture businesses. The 
U.S. Congress established the farm credit system in 
1916 primarily as a source of capital for farmers. The 
farm credit system is a private cooperative that is au¬ 
dited and regulated by the farm credit administration. 
Loan funds are acquired by selling bonds and notes 
to supply funds to four regional farm credit banks and 
one agricultural credit bank that provide funds to local 
associations. 

The farmers home administration (FmHA), a part of 
the U.S. Department of Agriculture, guarantees loans, 
up to 95% repayment in the event that a borrower de¬ 
faults on the loan. One of the requirements for a guar¬ 
anteed loan is that the borrower was turned down by a 
conventional bank. Often, these are new farmers with¬ 
out the equity necessary to qualify for conventional 
loans. 

FmHA lending includes both direct loans and loan 
guarantees. The major role of FmHA in lending for 
aquaculture has been through loan guarantees. With 
the guaranteed loan program, the loans are made and 
financed through private banks but the FmHA guar¬ 
antees up to 90% of the loan to the private bank if 
the borrower defaults. This reduces the risk of losing 
capital for the private lender. 

Feed companies have been another source of capital, 
particularly operating capital used to purchase feed. In 
some cases, these loans have been tied to commitments 
to supply fish to processing plants owned by the same 
company. 

RECORD-KEEPING 

The farm manager should maintain complete records 
of each loan for the farm. The data that need to be main¬ 
tained should include the initial date of the loan, the 
length of the loan (5 years, 10 years, etc.), the number 
of payments a year, and the dates that those payments 
are due, the interest rate, whether the interest rate is a 
fixed or variable rate, and the ending date of the loan. It 
is best to have a complete amortization schedule such 
as that illustrated in Table 14.5 for each loan. A sum¬ 
mary of the status of each loan should be developed to 
have available at the beginning of each year. Table 14.5 
provides a format that could be used for this table. The 
payments included in this table can then be entered 
quickly into the cash flow budget for the year. The 
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Table 14.6. Practical Application. 


Year 

15-year loan (amortization factor = 

0.10979) 

20-year loan (amortization factor = 

0.09439) 

Total payment 

Principal 

Interest 

Total payment 

Principal 

Interest 

1 

$20,300 

$7,358 

$12,942 

$17,452 

$4,511 

$12,941 

2 

$20,300 

$7,873 

$12,427 

$17,452 

$4,826 

$12,626 

3 

$20,300 

$8,424 

$11,876 

$17,452 

$5,164 

$12,282 

4 

$20,300 

$9,014 

$11,286 

$17,452 

$5,526 

$11,926 

5 

$20,300 

$9,645 

$10,655 

$17,452 

$5,913 

$11,539 

6 

$20,300 

$10,320 

$9,980 

$17,452 

$6,326 

$11,126 

7 

$20,300 

$11,042 

$9,258 

$17,452 

$6,769 

$10,683 

8 

$20,300 

$11,815 

$8,485 

$17,452 

$7,242 

$10,210 

9 

$20,300 

$12,642 

$7,658 

$17,452 

$7,749 

$9,703 

10 

$20,300 

$13,527 

$6,773 

$17,452 

$8,291 

$9,161 

11 

$20,300 

$14,474 

$5,826 

$17,452 

$8,872 

$8,580 

12 

$20,300 

$15,487 

$4,813 

$17,452 

$9,493 

$7,959 

13 

$20,300 

$16,571 

$3,729 

$17,452 

$10,157 

$7,295 

14 

$20,300 

$17,731 

$2,569 

$17,452 

$10,868 

$6,584 

15 

$20,300 

$18,973 

$1,327 

$17,452 

$11,629 

$5,823 

16 




$17,452 

$12,443 

$5,009 

17 




$17,452 

$13,314 

$4,138 

18 




$17,452 

$14,246 

$3,206 

19 




$17,452 

$15,243 

$2,209 

20 




$17,452 

$16,312 

$1,140 

Total 

$304,496 

$184,896 

$119,606 

$349,047 

$184,896 

$164,142 


Amortization schedule for a real-estate loan for a 256-acre catfish farm. Total long-term capital required is $616,320 (from Chapter 10 enterprise budget). 
30% borrowed is $184,896. 7% interest rate. 


principal and interest payments for the upcoming year 
and the remaining balances on each loan are available 
for the balance sheet, and the total interest payments 
are available for the income statement. 


PRACTICAL APPLICATION 

Table 14.6 illustrates how the terms of lending can af¬ 
fect both cash flow as well as operating costs. It demon¬ 
strates the payments required for a long-term loan to be 
repaid over either 15 or 20 years. This example is for 
the 256-acre catfish farm that has been used throughout 
this book for the financial analyses. The total amount 
of long-term investment capital needed for this farm to 
construct ponds and wells and to purchase the land is 
$616,320. If 30% of the required capital is borrowed, 
then the loan principal would be $184,896. If borrowed 
over a term of 15 years at an interest rate of 7%, the 
amortization factor would be 0.10979 (Table 14.7). 
Thus, multiplying the amortization factor of 0.10979 
by the principal amount borrowed ($184,896) indicates 


the annual payment to be made of $20,300. Of this, 
the annual interest amount is $12,942 for the first year 
(7% of $184,896). The amount of the principal paid 
with this payment is $7,358 ($20,300—$12,942). As 
the principal is paid down, the amount of the payment 
that goes to interest is reduced and greater amounts of 
the payment are used to pay down the principal. This 
is the equal total payment method discussed above. 

If the loan is structured over a 20-year payment 
horizon, each annual payment is lower ($17,452, as 
compared to $20,200). Thus, cash flow obligations 
created by this loan are smaller when it is repaid over a 
longer time period. However, the total interest payment 
will be greater ($164,142 with the 20-year term as 
compared to $119,606 with the 15-year term). 

OTHER APPLICATIONS IN 
AQUACULTURE 

Bacon et al. (1998) conducted a survey of lenders in the 
Appalachian region of the United States to compare 



Table 14.7. Amortization Factors for Amortization Schedules 4-10%. 
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Table 14.8. Amortization Factors for Amortization Schedules 10.5-16.5%. 
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perspectives of lenders toward aquaculture as com¬ 
pared to agricultural loans. The study focused on at¬ 
titudes toward the risk of insolvency and the char¬ 
acteristics associated with approvals of aquaculture 
loans. Overall, aquaculture was not viewed as unusu¬ 
ally high risk when compared to other types of alterna¬ 
tive agricultural enterprises. However, selling through 
a roadside stand and fee fishing were considered to be 
higher risk marketing strategies than selling directly 
to restaurants, supermarkets, or to farmers markets. 
Lowest marketing risk, as viewed by lenders, was as¬ 
sociated with sales to processors or through a growers’ 
cooperative. 

Smaller lenders (those with assets of $75 million to 
$100 million) were 10 times more likely to approve 
loans to aquaculture than were lenders with assets 
above $100 million. Lenders with positive attitudes to 
alternative agriculture were the most likely to approve 
aquaculture loans. In addition, lenders who required a 
marketing plan were three times more likely to approve 
an aquaculture loan than those who did not insist on 
a marketing plan. The majority of aquaculture loans 
were provided by banks with at least 75% of their 
portfolio in agricultural loans. 

SUMMARY 

This chapter discusses various uses for credit and de¬ 
scribes the types of loans commonly used by aquacul¬ 
ture businesses. It also demonstrates how to calculate 
loan payments, amortize loans, and contrasts the ef¬ 
fects on cash flow and expenses of various types of 
loan structures. It ends with brief descriptions of vari¬ 
ous sources of loan funds. 

REVIEW QUESTIONS 

1. What are some of the major uses of credit in aqua¬ 
culture businesses? 


2. What are the principal sources of capital that are 
available to aquaculture businesses? 

3. Contrast the differences between single-payment 
operating loans and lines of credit. 

4. What are typical terms of repayment for operating, 
equipment, and real estate loans? Why are these 
so different? 

5. Why must long-term loans be amortized? 

6. Develop an amortization schedule for an equip¬ 
ment loan to purchase a tractor for $60,000 to be 
repaid over a 7-year period at an annual interest 
rate of 8%, with both an equal total payment and 
an equal principal payment schedule. 

7. For the two amortization schedules developed in 
Question #6, explain the differences between the 
two in terms of effects on cash flow and the total 
amount of interest paid. 

8. Explain why finance experts do not consider loans 
with balloon payments to be sound financial prac¬ 
tices. 

9. List and describe the major sources of funds for 
loans for aquaculture businesses. 

10. What types of securities and collateral are used 
for aquaculture businesses? 
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INTRODUCTION TO SECTION III: 
RESEARCH TECHNIQUES TO 
ANALYZE FARM-LEVEL 
DECISION-MAKING 

The chapters in the following section presents infor¬ 
mation that should be of especial interest to those who 
conduct research on aquaculture production systems, 
strategies, equipment, or management practices. The 
challenges and common errors are discussed, and de¬ 
tailed approaches to developing comprehensive eco¬ 
nomic analyses with production data are presented. 

Cost analyses are commonly used to analyze the 
economics of treatments from production research. 


Chapter 15 describes common errors made in these 
analyses and clarifies the appropriate methods. Chap¬ 
ter 16 illustrates one of the simplest ways to account 
for risk in production economics research analyses. 
Chapter 17 demonstrates methods to develop analyses 
at the farm level. Allocation of resources across the 
farm may influence the choice of production alterna¬ 
tives. What is best for the farm as a whole may be 
different from what is indicated by a simple budget or 
cost analysis. The final chapter talks about approaches 
to managing government policies. 
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Use and Misuse of Enterprise and 
Partial Budgets 


INTRODUCTION 

No published enterprise budget will answer specific 
questions about the most profitable way to raise fish 
because there is so much variation from farm to farm. 
Reliable answers are developed by adapting published 
budgets to the specific situation to be analyzed. This is 
true for both farmers and research analysts. For farm¬ 
ers, winter is a good time to review farm records, cal¬ 
culate feed conversion and financial ratios, and ana¬ 
lyze the end-of-year financial position of the business. 
From there, plans to improve efficiencies related to 
yield, feed conversion, aeration, and financial perfor¬ 
mance can be assessed. Goals for the upcoming year 
can be evaluated by comparing the costs and returns 
expected from proposed improvements and changes. 

Researchers can adapt published budgets by includ¬ 
ing results of experimental trials to determine the effect 
on production costs. Enterprise and partial budget tem¬ 
plates can, if used properly, provide an excellent basis 
for end-of-year analysis and planning for farmers and 
for researchers to develop an estimate of the effect on 
annual cost and returns that may be associated with 
farm adoption of the research recommendations. 

Enterprise and partial budgets are also used com¬ 
monly in the research literature on the economics of 
aquaculture. However, their frequent use has also re¬ 
sulted in incomplete and inappropriate applications 
that can result in erroneous conclusions. This chapter 
reviews some common omissions, errors, and misuses 
of enterprise and partial budgets for both farm-level 
planning and in research. 
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ENTERPRISE BUDGETS 

Chapter 10 presents details on the proper way to pre¬ 
pare an enterprise budget and its most common uses. 
One of the most common problems with enterprise 
budgets is that they have not been developed using 
standardized methodologies. A budget that omits cost 
items, or does not provide sufficient information is 
misleading because its estimate of profitability is 
erroneous. 


“Wishful Enterprise Budgets” 

Enterprise budgets, when developed in a careful and 
comprehensive manner, demonstrate whether the pro¬ 
duction system or technology is profitable, and the 
magnitude of the profitability. However, at times, a 
scientist who has devoted a great deal of effort to 
developing certain aquaculture production systems or 
technologies, may develop an enterprise budget as a 
way to justify continuing the work and also to pro¬ 
mote the production system or technology. The “wish” 
to demonstrate that the technology will be feasible 
at times leads to budgets that are not accurate, are 
overly optimistic, and in the worst cases, mislead¬ 
ing. This type of misuse of enterprise budgets is, un¬ 
fortunately, fairly common, particularly when a bi¬ 
ologist without proper economics training attempts 
to develop a budget. Economists who develop thor¬ 
ough, comprehensive, and realistic budgets are of¬ 
ten criticized as being too “dismal” and too “pes¬ 
simistic” when, in fact, conservative, realistic esti¬ 
mates of profitability or losses provide the type of 
accurate guidance that is very much needed by aqua- 
culturists. 
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Enterprise Budgets Developed 
Without Using Standardized 
Structure 

Some publications list "budgets” that include only a 
dollar amount for each line item and omit a clear de¬ 
scription, the quantity selected, and the unit cost or 
price. With only a dollar value, it is not possible to 
evaluate the relevance of the scenario budgeted. When 
these occur, budgets cannot be compared over time 
or across states and locations, and little guidance is 
provided. 

Economic Engineering Techniques as 
Opposed to Survey Data for 
Enterprise Budgets 

The majority of enterprise budgets for aquaculture 
have been developed on the basis of economic en¬ 
gineering techniques. Economic engineering is con¬ 
sidered a subset of microeconomic applications to en¬ 
gineering projects. While originally developed as a 
method of estimating costs of engineering projects, its 
use has become common in aquaculture. This is pri¬ 
marily because many aquaculture production systems 
and technologies are new and experimental. If com¬ 
mercial farmers have not yet adopted a particular pro¬ 
duction system or technology and implemented it on a 
commercial scale, there will be no data available from 
which to estimate commercial-scale costs of produc¬ 
tion. Yet, even on an experimental basis, it is important 
to have an idea whether the production system or tech¬ 
nology is economically feasible, to have a measure of 
its profitability, and to have an idea which costs are 
the largest for that production system or technology. 
Thus, for such new production systems or technolo¬ 
gies, an enterprise budget developed with economic 
engineering techniques, may be the only type of eco¬ 
nomic analysis possible. 

Enterprise budgets based on economic engineer¬ 
ing techniques are frequently based on “recommended 
management practices.” The values selected for the 
yield, prices, and quantities tend to be those that will 
optimize the production system or technology under 
study. This is because the goal of the engineers and sci¬ 
entists working on the systems is to develop a system 
and refine it to perform at optimal levels. 

Commercial production levels frequently fall short 
of what engineers and researchers define as an optimal 
level for the system. On commercial-scale operations, 
farm realities often result in lower levels of produc¬ 


tion due to adjustments made by farm management to 
marketing, weather, and practical realities that change 
the quantities of inputs used, yields, and sometimes 
prices. Thus, enterprise budgets based on economic 
engineering techniques tend to be more optimistic and 
demonstrate more positive returns than can be achieved 
on a regular basis on a commercial farm. 

More realistic budgets are produced when the pa¬ 
rameter values selected for the budget are based on 
farm-level production surveys. The key parameters fre¬ 
quently include the yields of fish sold, the quantities 
used of various inputs, the prices of product sold, and 
the costs of inputs. In the United States, crop surveys 
are done on a national basis by the U.S. Department 
of Agriculture for many types of crops, but particu¬ 
larly those that have been established for a number of 
years. National survey data such as these can then be 
used to develop realistic budgets for the various crops, 
particularly if the surveys are repeated over time. Such 
cost-of-production surveys are not done for what are 
considered to be minor crops, such as the aquaculture 
crops in the United States. 

Using Experimental Data in 
Enterprise Budgets 

It is fairly common for researchers to take data from 
an experimental trial and extrapolate the results for 
use in an enterprise budget. This can result in useful 
information or it can be problematic, depending on 
which parameter values are extrapolated and which 
are maintained intact from farm-level data. 

For example, to extrapolate from an aquarium or 
tank study and imply that the results obtained would 
likely be replicated across a commercial farm is not 
a realistic assumption. Experimental pond studies will 
produce results that are closer to what might be ex¬ 
pected on a commercial farm, but how the size of the 
pond may affect the results is a continuing question. 
Moreover, data from one given pond does not represent 
a farm-level average. Farm-wide data will encompass 
effects of various factors that may include losses due 
to bird depredation, marketing constraints that affect 
how and when fish can be harvested and sold, the ef¬ 
ficiency of the work force, and others. Thus, while an 
individual pond can produce fish with a certain yield 
and feed conversion ratio, it may not be realistic to 
extrapolate that yield and feed conversion ratio across 
the acreage of the entire farm. In such a case, the more 
appropriate unit of analysis may be an individual pond 
rather than an entire farm. 
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Part of the explanation for why this should not be 
done is that not all ponds across a farm can be managed 
in precisely the same way. A farm may have brood- 
stock or fingerling ponds, for example. Some ponds 
may be stocked at different densities with different 
sizes of fish due to variations in the availability, mor¬ 
tality events, or varying growth rates from the previous 
year. These factors can result in various densities, sizes, 
and ranges of sizes in different ponds. Moreover, some 
ponds are more productive than other ponds, because 
they were renovated more recently, are deeper, or for 
some unknown reason. 

When using experimental data from several treat¬ 
ments in enterprise budgets, care must be taken not to 
use nominal treatment means if the treatment means 
were not significantly different from each other. For 
example, assume that the treatment of an experiment 
was varying levels of animal protein in a fish diet. Fur¬ 
ther assume that there were no significant differences 
in yield or total feed fed across the treatments. In such 
a case, it would be incorrect to use the means of each 
treatment in separate enterprise budgets and compare 
the results. The nominal values of the means would 
undoubtedly be different from one another and would 
result in what would appear to be an “economic” differ¬ 
ence. This “difference” is false because, upon repeat¬ 
ing the experiment, the nominal values of treatment 
means would likely show slightly different patterns 
(due to random fluctuations) and the “economic” anal¬ 
ysis would change with the random fluctuations. In 
this example, the appropriate analysis would be to do 
a simple partial budget because the only significant 
difference appears to be the difference in cost of the 
feeds. 

Some enterprise budgets extrapolate from one pro¬ 
duction cycle to an entire year. This may not represent 
the reality of commercial production systems. For ex¬ 
ample, a shrimp hatchery may need to dry out tanks 
in between batches of postlarvae. While the produc¬ 
tion cycle may be 6 months, it may not be possible 
to achieve two crops a year due to the time needed to 
dry and disinfect the tanks. It may also be unrealistic 
to assume that postlarvae are available for stocking in 
growout ponds every month of the year. While theo¬ 
retically it might be possible to achieve two crops a 
year of shrimp in ponds, if postlarvae are not available 
year-round, then it would be erroneous to extrapolate 
to two crops a year in an enterprise budget. 

Some budgets have extrapolated yields for an en¬ 
tire year from an average daily rate of gain. However, 
such an average, if calculated from an experiment con¬ 


ducted in one season of the year may not hold true in 
another. For example, water temperatures often vary 
from rainy to dry season in the tropics. In temperate 
climates, growth rates are reduced drastically in the 
winter period. 

Investment Costs 

For pond-based aquaculture farms, land is a major re¬ 
source required for aquaculture production. Farmers 
who have owned the land for many years, or those 
who have inherited land from their parents and grand¬ 
parents, may not wish to account for its cost in an 
enterprise budget. It may be viewed as a “sunk” cost 
in that its cost was paid many years previously. This 
perspective on land frequently leads individuals to ig¬ 
nore its costs in budgets. 

However, if a farmer can earn more by using the 
land for something other than the aquaculture crop, 
at some point the farmer will decide to use the land 
for its more profitable use. As an example, rapidly 
increasing prices of land in the state of Florida in the 
United States have enticed fish farmers to sell their 
land to developers and cease farming fish. This type of 
cost (the value of what would have been earned from 
the land in some other use) is referred to by economists 
as an opportunity cost. The opportunity cost of land is 
equal to the value from the most profitable alternative 
use of the land. 

The cost of land, moreover, is not a depreciable cost. 
With proper care and attention to its nutrients, the land 
should be usable for many years without loss in value. 

Pond construction cost is another major investment 
cost in pond-based aquaculture systems that is too fre¬ 
quently ignored. The existence of the pond is assumed 
in these cases to be another sunk cost for which no 
charge is required. The relevant costs associated with 
the pond are both the annual interest on the investment 
and the annual depreciation of ponds. Annual depre¬ 
ciation is a charge to account for the loss in value as 
a capital item like a pond or tractor wears out or be¬ 
comes obsolete. Failure to account for the depreciation 
of ponds means that the business will not be prepared 
financially to rework the ponds when necessary. If that 
happens, the ponds will not continue to be as produc¬ 
tive as previously; thus, the value of the ponds in gen¬ 
erating revenue for the business will be diminished. 
For example, the cost of rebuilding ponds has been 
estimated to range from $500 to $l,500/acre, nearly 
as high as that of constructing new ponds. Thus, ac¬ 
counting for depreciation as an expense in the financial 
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planning of the business is essential for the long-term 
survival of the farm. 

Early budgets frequently used an estimated earth- 
moving cost as the basis for the cost of building ponds. 
However, such an estimate does not include the sub¬ 
stantial costs that are incurred in expenses related to 
establishing a good grass cover on the levees, or gravel 
to support a road for fish hauling trucks and equipment 
to reach ponds that need to be harvested. The cost of 
drilling sufficient wells to have adequate capacity to fill 
all ponds in a reasonable amount of time similarly is 
frequently underestimated in many enterprise budgets. 


Equipment Costs 

One of the most common mistakes in an enterprise 
budget is the lack of an effort to compile a complete 
equipment list or to ignore the costs of equipment 
already owned by the farmer. Both types of mistake 
result in underestimating the substantial equipment in¬ 
vestment and the associated annual fixed costs required 
for a successful aquaculture business. 

A number of budgets developed for cage production 
frequently ignore the costs of essential structures and 
equipment. Boardwalks are as necessary to provide 
access to the cages for feeding and for disease treat¬ 
ment as gravel and levees are to a pond farm. How¬ 
ever, few budgets for cage production include the costs 
of boardwalks. Pumps and aerators for supplemental 
oxygenation are also frequently ignored in cage bud¬ 
gets. Net pen systems frequently require buffer floats, 
supply barges, and feeding systems. Annual depreci¬ 
ation must be charged for these items in addition to 
delineating the total capital investment cost to avoid 
unanticipated costs. The cost of the cages themselves 
has been ignored in some budgets! Moreover, many 
budgets for cage production assume the water to be 
available at no cost to the farmer. However, there are 
costs even if the water source is a public water body. 
Expensive permits may be required. Delays in obtain¬ 
ing permits may delay opening the business, and these 
delays result in costs to the business. 

Equipment already owned by the farmer is also fre¬ 
quently ignored. A farmer who owns a tractor, though, 
already has uses for that tractor. If the tractor is needed 
for the fish crop but is in use for other businesses, 
then the fish crop likely will suffer. The successful 
farmer must be certain to have enough equipment to 
fully cover all needs on the farm. This means that 
sufficient numbers of additional tractors, aerators, and 


other pieces of equipment are purchased so that the 
farmer can maintain the crops in healthy condition. 

When cost-of-production surveys are used as the 
basis for developing budgets, there is an opportunity 
to record all equipment used on each farm. Compiling 
complete lists of equipment on each farm surveyed is 
tedious but will ensure that all required equipment is 
included in the budgets developed. 

Aquaculture businesses also need sufficient backup 
equipment for the farm to operate successfully even 
during emergency situations. This will require pur¬ 
chases of backup generators, replacement aerators, 
spare parts, and adequate tools to make repairs. For 
example, on catfish farms in the United States, power 
outages or brownouts can result in substantial levels 
of fish mortality across the farm. Few farms have ad¬ 
equate emergency aeration equipment to keep all fish 
alive across the entire farm during a power outage 
that occurs at the peak of the production season. How¬ 
ever, many farms have purchased generators to provide 
additional capacity to survive a power outage. Simi¬ 
larly, aquaculture businesses that operate marketing 
and grading sheds frequently purchase generators as a 
backup power source to survive disaster events such 
as a tornado or ice storm that may damage power lines 
and interrupt the supply of electricity to the farm. Many 
budgets developed on the basis of economic engineer¬ 
ing principles do not include backup redundancy of 
equipment to minimize the risk of these types of yield 
losses. Such budgets do not adequately account for the 
costs of mitigating the risks associated with these 
events. 

Equipment costs enter into the enterprise budget 
as annual fixed costs in the form of annual deprecia¬ 
tion and of annual interest charges on the investment 
in equipment. Including annual depreciation in enter¬ 
prise budgets assures that the business will generate 
enough revenue to be able to replace the equipment 
when it wears out. If the business cannot afford to re¬ 
place equipment when it wears out, it will not be able 
to stay in business. 

A common error in calculating annual depreciation 
is to use an unrealistic value for the years of useful life 
for each equipment item. This will result in erroneous 
estimates of annual depreciation, annual fixed costs, 
annual total costs, and net returns. Equipment usage on 
farms differs from that of equipment used on research 
stations. The environment on a farm and the level and 
quality of the workforce that maintains and cares for 
the equipment will vary from that of research facilities. 
The level of care will affect the useful life of the types 
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of equipment. This difference will result in varying 
years of useful life that are realistic for commercial 
farm situations. 

Annual Costs and Returns 

Annual returns calculated in enterprise budgets often 
are based on the current price rather than the long-term 
average price that should be used (see Chapter 10 for 
more detail). The problem with using a current price is 
that, if the budget is prepared in a year when prices are 
high, the annual net returns estimated will be unreal¬ 
istically high. Over time, prices will come down, and 
when that happens, the business will not have prepared 
to cope with the reduction in revenue. Individuals who 
estimate returns frequently are reluctant to use longer- 
term average prices if these are lower than current 
prices. The argument becomes that the current prices 
are more realistic. On the other hand, if long-term aver¬ 
age prices are higher than current prices, lenders may 
be reluctant to “believe” the higher, long-term prices 
even though these are the best to use in the budget. 

Yields 

Yields selected for enterprise budgets similarly are of¬ 
ten overly optimistic. Researchers frequently drop data 
from studies if results from a particular pond are con¬ 
sidered to be an “outlier.” In other words, if one pond 
or tank in a trial has much greater mortality rates than 
others or if the growth is much lower, there is a ten¬ 
dency to eliminate the data from that pond, tank, or 
cage study, in the analysis and in the manuscript. The 
problem is that a farmer cannot “eliminate” that type 
of substantial mortality or reduced growth from its 
effect on the farm’s revenue. Budgets that are based 
strictly on research data that may have been purged 
of outliers may use yield values that are upwardly bi¬ 
ased. Such values can result in misleading information 
on the profitability of the enterprise when used in an 
enterprise budget. 

In some cases, the best possible yield is selected as 
the yield value for the enterprise budget. When this is 
the case, the budget demonstrates the maximum 
amount of profit that can be obtained, under the best 
possible conditions. The results then apply only to 
those situations in which the best possible yield is ob¬ 
tained. Unfortunately, budgets that are developed this 
way frequently do not make it clear that it is a best case, 
not a typical, scenario. When this is not explained fully, 
those examining the budget are likely to believe that 
the values are average, or typical, values, rather than 


values that they are unlikely to see or achieve very 
often on their farms. 

In some cases, researchers choose to calculate the 
yields of fish for enterprise budgets based upon as¬ 
sumed survival and growth rates. Budgets that attempt 
to do so frequently result in estimations that are unre¬ 
alistic. This is particularly true for pond aquaculture 
systems that are in continuous production. There is 
no known practical technology to accurately inventory 
values in continuous pond production systems with 
mixed sizes of fish. Survival and growth will differ 
among sizes of fish because differing behaviors will 
affect feed consumption. 

Annual Variable Costs 

Economically engineered budgets often use an as¬ 
sumed feed conversion ratio as the basis for calcu¬ 
lating the amount of feed to include in the enterprise 
budget. In fishponds that are managed in a continuous 
production system, ponds can end up with mixed-size 
populations of fish. In such a situation, a single feed 
conversion ratio is nearly meaningless. This is because 
the feed conversion ratio measures the rate at which the 
individual fish converts feed to flesh. Feed conversion 
ratios vary with the size and condition of the fish. Fish 
farmers who manage ponds in continuous production 
cannot measure feed consumption of individual fish. 
What the farmer can measure on a commercial farm is 
the weight of feed fed on the farm divided by the weight 
of fish sold. This is not the same metric as the biologi¬ 
cal feed conversion ratio calculated by researchers (the 
amount of feed that it takes for an individual fish to 
gain a pound in weight). 

The conversion metric calculated by the farmer over¬ 
estimates the “feed conversion ratio” because feed fed 
to fish that died or that were eaten by birds is inherent 
in the calculation. Farmers have no way to separate 
out the amount of feed that was eaten by fish that did 
not survive and grow to be sold. Similarly, feed fed to 
maintain weight of fish that are off-flavor and are held 
until they can be purged and sold, is also included in 
the calculation of "feed conversion ratio” calculated on 
farms. Thus, when a farmer says that their “feed con¬ 
version ratio” is 2.5, that does not mean that the fish 
on the farm are converting individually at 2.5. That 
simply means that, across the farm, the feed yield ratio 
(feed fed compared to the marketed yield of fish) was 
2.5. Thus, using a biological feed conversion ratio of 
what an individual fish can do in an enterprise bud¬ 
get will not result in an accurate estimate of what the 
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feed costs across the farm will be. The probability of 
that individual fish dying or growing poorly is omitted 
from the calculation. Across the farm, that omission 
can result in substantial differences. It is more accurate 
to use farm records to identify the quantity of feed fed 
across the farm as the quantity of feed to use in the 
budget. Similarly, it is best to use farm sales records 
for the estimated yield. 

Economically engineered budgets also frequently 
omit a number of annual cost items. Most budgets do 
include the obvious costs associated with feed, fin- 
gerlings, and labor. However, less frequently included 
variable costs include items such as: repairs and main¬ 
tenance, the costs of bird depredation, telephone and 
office expenses, legal and accounting fees, taxes and 
insurance, and interest on operating capital. These can 
be substantial costs on some farms. For example, a 
farm that spent less investment capital on equipment 
by purchasing older equipment may have substantial 
repair and maintenance costs. Similarly, a farm with 
older ponds will need to spend more to maintain the 
levees and rework levees to keep them wide enough to 
allow vehicles to pass. 

Bird pressure on fishponds in the United States con¬ 
tinues to grow, and fish farmers must spend more and 
more each year to scare birds. These costs include 
both the ammunition costs as well as the manpower 
required to have an effective bird dispersal program 
on the farm. Telephone expenses have increased over 
time with the need for farm managers and employ¬ 
ees to have cell phones. The need for office supplies 
has grown as increasing amounts of regulations have 
targeted aquaculture businesses and increased the re¬ 
quired amount of paperwork for the farm to remain in 
compliance. 

Many enterprise budgets neglect to include inter¬ 
est charges on the operating capital used. If the farm 
does not borrow operating capital, then there is no cash 
charge for its use. However, there remains an oppor¬ 
tunity cost for use of the owner’s capital to operate 
the farm. This is because the owner could have used 
the capital in some other activity and the profits to be 
earned from its use in another activity constitute an 
opportunity cost to the fish farm. 

Realistically, there are few aquaculture businesses 
that rely exclusively on the owner’s capital to cover 
all the operating costs of the farm. The majority of 
aquaculture businesses borrow operating capital in the 
form of an operating line of credit or revolving loan. 
Thus, interest charges must be paid and accounted for 
in the enterprise budget. It is unrealistic to assume 


that the capital is available at no cost to the farm 
owner for the majority of aquaculture farm business 
owners. 

Many enterprise budgets for aquaculture farms are 
not consistent in the treatment of expenses associated 
with family labor. Many budgets do not account for the 
cost of the farmer’s own labor. Yet, if the farmer does 
not make enough money to compensate him or her for 
the time and effort, they will likely quit farming to do 
something else with their time. Unpaid family labor 
is an important opportunity cost and must be valued 
at more than minimum wage. Moreover, older farmers 
may not be able to continue doing the physical labor 
that they could when younger. Farmers tire of working 
long hours with little or no compensation. Farmers 
need and want medical insurance to save for retirement 
and to receive these types of benefits. Management 
positions in other industries frequently pay as much as 
25% or more of the salary to provide these benefits to 
employees. 

If some budgets include unpaid family labor costs 
as an opportunity cost, but others do not, then the net 
returns estimated are not comparable. Yet, these types 
of comparisons are made all too frequently. 

Annual Fixed Costs 

The annual fixed cost portion of the enterprise budget 
is perhaps the portion of the budget that is most of¬ 
ten misused and underestimated. Annual fixed costs in 
aquaculture tend to be high and often compose a sub¬ 
stantial portion of the total annual costs of the aquacul¬ 
ture business. Costs associated with all fixed resources 
used in the business should be accounted for. 

Many of the fixed costs in an aquaculture business 
are composed of interest on the investment and the an¬ 
nual depreciation of the ponds, buildings, and equip¬ 
ment owned by the business. The value of the interest 
on the investment may or may not be a cash expense. If 
the owner does not have loans for the investment items, 
then there is no cash interest charge on the amount in¬ 
vested. However, because this capital could have been 
used in some other way, the value of what would have 
been earned in another use is a cost to the business. 
This cost must be accounted for by charging an interest 
on the investment items as an annual fixed cost in the 
enterprise budget. 

However, many individuals omit such an interest 
charge in the annual budget if the owner has not taken 
out loans for that capital. Doing so greatly underesti¬ 
mates the fixed costs and will result in an incorrect 
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Figure 15.1. Three different measures of net returns. 


estimate of the profitability of the business, the 
breakeven prices and the breakeven yields. Such an 
omission will result in highly misleading results. 

Reducing annual fixed costs by omitting charges 
that are necessary to reflect the total usage of cap¬ 
ital in the business will also obscure the economies 
of scale of the farm (see Chapter 7 for more dis¬ 
cussion of economies of scale and their importance 
to aquaculture businesses). If the owner of the busi¬ 
ness does not believe that there are economies of 
scale, then no effort will be made to expand the busi¬ 
ness to achieve lower per-unit costs. The farm will 
continue to operate at a financially inefficient level 
and will be less competitive as compared to other 
farms. 

Annual depreciation charges also are frequent omis¬ 
sions from enterprise budgets. Without full accounting 
for the loss in value of the capital goods used in the 
production of the aquaculture products, there is no ac¬ 
counting for the capital that will be needed to replace 
these items. This will also result in net returns that are 
artificially high and artificially low breakeven prices 
and yields. In all cases, the results of the enterprise 
budget will be erroneous and misleading, pointing the 
farm owner to erroneous conclusions and likely poor 
management decisions. 


Annual Net Returns 

Some enterprise budgets calculate net returns incor¬ 
rectly by omitting various combinations of the items 
discussed above, leaving out unpaid family labor and 
omitting noncash expenses. However, others calculate 
a labor charge in their calculation of net returns. Thus, 
different enterprise budgets may not always be com¬ 
parable. 

Figure 15.1 shows net returns calculated properly 
accounting for all costs (noncash annual depreciation 
and opportunity costs of unpaid family labor). These 
are referred to as net returns above risk because the 
other costs have been charged out. The figure also 
shows net returns without the costs of unpaid family 
labor and management. These are referred to as net 
returns above opportunity costs of family labor, man¬ 
agement, and risk. The figure also shows net returns 
above cash costs only. 

When properly accounting for the use of all re¬ 
sources, the 60-acre- and 131-acre farms were not prof¬ 
itable. The other three farm sizes showed modest profit 
levels. However, without accounting for the costs of all 
equipment, labor, other noncash costs, and all farm sce¬ 
narios appear to be very profitable. Without accounting 
for the cost of unpaid family labor and management, 
net returns were $49, $86, $144, $158, and $145 per 
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acre for the 60-acre-, 131-acre-, 256-acre-, 431-acre - 
, and 1,007-acre farms, respectively. The decline in 
net returns per acre between the 431- and 1,007-acre 
farms is due to hiring an overall manager in addition to 
foremen or managers of each farm unit on this largest 
farm size. When values for the unpaid family labor and 
management were included, net returns decreased and 
became negative on the 60-acre- and 131-acre farms. 
Across farm sizes, net returns above all costs increased 
as farm size increased, from —$161/acre to Si 11/acre 
on the largest farm size. This set of net returns is the 
true economic returns because all resources used in the 
production of catfish are accounted for. 

Some enterprise budgets include a return on invest¬ 
ment (ROI) calculation, in addition to net returns. This 
is not appropriate. A properly calculated ROI is not 
based on the net returns as calculated in an enterprise 
budget. ROI is calculated from the income statement 
based on a specific formula that avoids double counting 
charges related to capital resources. Chapter 4 presents 
details on how to properly calculate the ROI. 

Sensitivity Analyses 

Values used in an enterprise budget are single values 
that should represent long-term mean values of that 
particular parameter. However, these values frequently 
are not well known and there may not be an adequate 
database to be confident of the value. In such cases, 
and particularly when the parameter is an important 
one, sensitivity analyses must be run. If omitted, a 
false image of the profitability of the enterprise may 
emerge. 

PARTIAL BUDGETS 

Partial budgets are used to evaluate the effect of a 
relatively small change in the farm business. Chapter 
10 presents details on developing a partial budget and 
its interpretation. One of the misuses of partial budgets 
is to include only some costs and not others, accounting 
only “partially” for costs. This is a total misuse and 
misconception related to a partial budget. 

A common scenario is one in which a researcher has 
conducted a study that shows an improvement in pro¬ 
duction. The researcher wishes others to acknowledge 
his or her work and feels that he or she has been suc¬ 
cessful in identifying some new information and ad¬ 
vances in his or her particular branch of aquaculture. 
Because economics is a way of assigning monetary 
values to parameters, he or she decides to conduct a 


“partial” budget analysis of the results of their experi¬ 
ment. In developing the partial budget, the researchers 
decide to consider costs associated only with the treat¬ 
ments that were assigned to the study. Let’s assume that 
the treatment was additional oxygen. In the tank study, 
the oxygen was supplied by an air blower located in 
the laboratory where the study was conducted. 

In their partial budget, the researchers assigned a 
market value to the additional weight of fish produced 
at the greater amounts of oxygen. However, in their 
system, there was no additional cost for the additional 
oxygen because of the way it was supplied to the tanks. 
Because their analysis was only a "partial” one, they 
were not concerned with working through all details of 
what a commercial farmer would have to do to achieve 
the higher oxygen levels on their farm. 

In reality, however, the farm would have to purchase 
additional aerators to supply an equivalent amount of 
oxygen to that used by the researchers in their tanks. 
The additional aerators would entail a capital acqui¬ 
sition that would increase both annual depreciation 
and interest on the investment in the annual fixed cost 
section of the budget. Moreover, adding additional aer¬ 
ators to the farm would increase the demand for elec¬ 
tricity and would increase the electric bill that would 
be listed under the annual variable costs on the budget. 
A proper partial budget would include the additional 
annual depreciation, interest on investment, and elec¬ 
tric charges under the category of “Additional Costs.” 

The partial budget includes only those costs and 
benefits that change from adopting the new change 
on the farm. However, it must include all the costs and 
benefits that will change. To include only some of those 
changes and not others is a misuse of the analytical 
method known as a partial budget. This practice will 
inevitably result in an erroneous conclusion for the 
analysis. 

RECORD-KEEPING 

For the farm owner or manager to maintain proper 
budgets for each enterprise on the farm, he or she will 
need to maintain complete and comprehensive records. 
Chapter 10 provides details on the records needed to 
prepare comprehensive enterprise budgets. However, 
the key factors are to be certain to account for the 
annual fixed costs associated with all the capital re¬ 
sources on the farm. These include the annual depre¬ 
ciation and interest on investment on the equipment, 
ponds, cages, tanks, and all buildings on the farm. The 
annual depreciation should be maintained in the form 
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Table 15.1. Comparison of “Net Returns” Using Common Errors of Omission, 256-acre Catfish 
Farm. 




Breakeven 

price 

Breakeven yield 

Category 

Net returns 

Above variable 
cost (VC) 

Above total 
cost (TC) 

Above 

VC 

Above 

TC 


$/acre 

$/lb 

$/lb 

lb/acre 

Ib/acre 

Fully accounting for all costs 

-72 

0.57 

0.72 

3,641 

4,603 

Without opportunity costs of 
unpaid family labor 

11 

0.57 

0.58 

3,641 

4,484 

Without fixed costs 

518 

0.57 

0.70 

3,641 

3,760 

Without fixed costs or 

opportunity costs of unpaid 
family labor 

601 

0.57 

0.57 

3,641 

3,641 


of a depreciation schedule that lists the annual loss in 
value of each piece of equipment, each building, and 
each block of ponds, cages, or tanks. The interest on 
the investment should be calculated from a schedule 
that shows the initial cost of each capital item (equip¬ 
ment, ponds, cages, tanks, buildings) and the current 
interest rate. 

To be sure that all variable costs are included, all 
expense records should be checked each year to be 
certain that none are omitted in the enterprise budget. 
Special attention should be paid to accounting for re¬ 
pairs and maintenance. It is a good idea to maintain 
a separate record of the repairs and maintenance re¬ 
quired on each piece of equipment. This will provide 
a good idea of when the repair costs begin to exceed 
the cost of replacing that piece of equipment. 

The final key piece of information is that of the la¬ 
bor and salaried individuals. Hourly labor costs are 
included as variable costs and contracted salaried em¬ 
ployees are fixed costs. 

As long as all costs are accounted for properly and 
the quantities of inputs purchased and fish sold are 
based on averages calculated from thorough records, 
the enterprise budget will be a useful tool. Omission 
of cost categories, overestimation of yields or under¬ 
estimation of costs will lead to misuse of enterprise 
budgets. 

PRACTICAL APPLICATION 

Figure 15.1 contrasts three different measures of net re¬ 
turns (profit) for five catfish farm sizes. These include: 
(1) properly accounting for the use of all equipment, 
labor, and other inputs; (2) including only cash ex¬ 


penses; and (3) omitting opportunity costs of unpaid 
family labor. 

Table 15.1 shows that not accounting for all the re¬ 
sources used on the farm will obscure the fact that, in 
the long-run, the farm as budgeted is not profitable. 
Net returns for the 256-acre catfish farm, as budgeted, 
are negative. Thus, in the long run, the business is 
not profitable. It covers variable costs, but does not 
cover all its fixed costs. Breakeven prices were $0.57/lb 
above variable costs and $0.72/lb above total costs. Not 
accounting for unpaid family labor similarly demon¬ 
strates an artificially low breakeven price and yield and 
artificially high net returns. Net returns were positive 
and breakeven prices were $0.70/lb above total costs, 
indicating apparent profitability. Without accounting 
for annual fixed costs, the breakeven yields above to¬ 
tal costs are nearly identical ($0.58/lb) to those of the 
breakeven prices above variable costs. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Engle (2007) discusses the use of enterprise budgets 
(and other approaches) to assist in thorough business 
planning. Such uses of well-designed budgets can help 
to transfer new technologies to the private sector to be¬ 
come economically and financially viable businesses. 

Enterprise budgets may be most valuable in the 
analysis of new technologies and new start-up types 
of aquaculture businesses. Engle (2007) summarizes 
studies that analyze rapid advances in new off¬ 
shore mariculture technologies. Enterprise budgets 
have been developed for grouper production in cages 
(Pomeroy et al. 2004), hard clam hatcheries (Adams 
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and Pomeroy 1992), southern bay scallops (Adams 
et al. 2001), haddock hatcheries (Dalton et al. 2004), 
red-claw crawfish in ponds (Medley et al. 1994), tilapia 
in irrigation ditches (Sherif et al. 2002), and catfish and 
tilapia in the partitioned aquaculture system (Goode 
et al. 2002). 

However, enterprise budgets can be used appropri¬ 
ately in the analysis of existing technologies and busi¬ 
nesses. For example, Brummett et al. (2004) evaluated 
polyculture and monoculture of tilapia, clarias, and 
kanga production in ponds. Lutz (2000) compared the 
costs of raising tilapia in raceways, ponds, and re¬ 
circulating systems with budget-based cost analyses. 
Valderrama and Engle (2001) used enterprise budgets 
to evaluate the economics of shrimp production in 
semi-intensive ponds in Honduras. 

SUMMARY 

This chapter has discussed some common uses and 
misuses of enterprise and partial budgets. Most of the 
misuses of these analytical tools result from a type of 
wishful thinking on the part of either researchers or 
farmers. People tend to be optimistic in their projec¬ 
tions and too often do not spend the time to carefully 
think through the details. The result often is that ex¬ 
penses are omitted, prices and yields are set at an un¬ 
realistically high level, or unit costs of inputs are set at 
unrealistically low levels. The end result is erroneous 
and can lead the farm owner or manager to commit 
mistakes in management and exercise poor judgment 
due to faulty economic analyses. 

REVIEW QUESTIONS 

1. What are the most common types of errors associ¬ 
ated with product prices of aquaculture products 
produced on the farm? What is the correct manner 
to assign such a price? 

2. What is the most common type of mistake with 
regard to the yield used in the enterprise budget ? 
What is the correct manner to assign a yield in the 
enterprise budget? 

3. What are commonly omitted types of variable 
costs? 

4. What are the types of annual fixed costs most 
frequently omitted from an enterprise budget? 


5. What problems result from omitting annual fixed 
costs from the budget? 

6. What is the most common type of misuse of a 
partial budget? 

7. Why is it not correct to calculate an ROI from an 
enterprise budget? 

8. Why should land be included in an enterprise bud¬ 
get if the farm owner owns the land? 

9. What problems can arise when experimental data 
are used to develop enterprise budgets? 

10. What is the difference between economically en¬ 
gineered enterprise budgets and those based on 
survey data? Why does this difference matter? 
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Risk Analysis in Production 
Aquaculture Research 


WHAT IS RISK? 

Aquaculture is often considered as a high-risk pro¬ 
duction activity. While there are many sources of 
risk, economists frequently characterize risk into the 
following categories: production (yield or technical), 
marketing (or price), and financial risk. These can com¬ 
bine to produce income risk. To an economist, risk 
refers to the measurable fluctuations in values for pa¬ 
rameters for each of these categories. 

Production or yield risk can occur as a result of 
losses due to bird depredation, losses due to disease, 
oxygen problems, equipment failure, power outages, 
or floods. Figure 16.1 demonstrates production/yield 
risk that results from fluctuating weather conditions. 
In Figure 16.1, each curve represents the output that 
is likely to be produced at different input levels (feed, 
stocking densities, etc.) under one of three weather 
conditions (good, normal, or poor) for the crop under 
consideration. Clearly, yields and output are higher for 
each input level with good weather. Yields are lower at 
each input level for normal or poor weather. Weather 
parameter values can be measured mathematically as 
probabilities, and these probabilities constitute a mea¬ 
sure of risk. 

Market or price risk is created by variability in 
prices. Supply varies with the weather and with pro¬ 
duction decisions made on the farm. Demand varies 
as consumer incomes, exchange rates, export policies, 
strength of the economy, supply of competing prod¬ 
ucts, seasonal or cyclical trends, and input prices vary. 
Because market price is dictated by the interaction of 
supply and demand, fluctuations in both result in mar¬ 
ket (price) risk. 


Financial risk results from fluctuations in those fac¬ 
tors that affect loans and loan payments. These include 
interest rates, the lender’s willingness to continue lend¬ 
ing, market values of loan collateral, and the ability of 
the business to generate cash flows needed for debt 
payments. 

The ability to bear risk varies with different farms. 
Farms with high levels of net worth can withstand 
larger losses. However, highly leveraged farms (those 
with high debt levels) can lose net worth quickly and 
are more vulnerable. Cash flow commitments related 
to loan payments or outstanding accounts payable af¬ 
fect the ability of the business to remain profitable 
when faced with negative risks. An individual’s will¬ 
ingness to bear risk also varies. Some individuals enjoy 
the risk often associated with the opportunity to gain 
high returns (risk lovers). Others, however, shy away 
from risk and prefer lower returns that are more se¬ 
cure with less chance of losses (risk avoiders or risk 
averters). 

Higher risk is often accompanied by higher profits. 
Figure 16.2 illustrates the trade-off between risk and 
expected profits. In many cases, profits increase as the 
level of risk increases. In such cases, higher profits 
are possible, but the higher profits are accompanied by 
higher probabilities of losses. 

This chapter explains how risk is measured and de¬ 
scribes indicators that can be used to measure risk. 
It also reviews the literature of risk analyses in aqua¬ 
culture that include studies of stochastic dominance 
and efficiency, spreadsheet-based risk simulations, and 
risk-based programming model analyses. 


Aquaculture Economics and Financing: Management and Analysis 
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RISK VERSUS UNCERTAINTY 

Risk and uncertainty are distinct concepts in eco¬ 
nomics. The fundamental distinction between risk and 
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—■— Good weather —*— Normal weather —■— Poor weather 



Figure 16.1. Fish yield risk due to various weather conditions. 


certainty is whether or not mathematical probabili¬ 
ties of the randomness that a farmer is facing can 
be estimated (Knight 1921). Risk refers to measur¬ 
able variations for which decision makers can assign 
mathematical probabilities while uncertainty refers to 
fluctuations in variables that cannot be measured and 
expressed in mathematical probabilities. While many 
people use the terms risk and uncertainty interchange¬ 
ably, this distinction is important in economics. 

HOW RISK IS MEASURED 

There are some simple measures that can be calcu¬ 
lated that reflect fluctuations in parameter values. The 
measures of central tendency (mean/expected value, 
median, and mode) can be used in combination with 
measures of spread or variability (standard deviation, 
variance, the coefficient of variation (CV), the confi¬ 
dence interval, and the probability of key events). 



Figure 16.2. Trade-offs in risk and expected profits. 


Mean is the average or expected outcome. It is the 
probability-weighted average of the random variable. 
For discrete variables, if x is a random variable with 
N possible values, each with probability p n , then the 
mean or expected value of x is: 

N 

!>*,■ (16.1) 

1=1 

For continuous values, if x is a random variable with 
a probability density function f(x), then the mean or 
expected value of x is: 

J xf(x)dx (16.2) 

For example, if a fish crop has three possible yields: 
low (3,500 lb/acre), medium (5,500 lb/acre), or high 
(7,500 lb/acre) with probabilities of 0.35 for the low 
yields, 0.55 for the medium yield, and 0.10 for the high 
yield, then, given Equation 16.1, 

Mean = (0.35 x 3,500) + (0.55 x 5,500) 

+ (0.10 x 7,500) = 1,225 + 3,025 
+ 750 = 5,000 lb/acre 

The mean is not what will happen, but rather, if the 
random event occurs several times, the mean is the 
average of the outcomes. For example, if the mean 
yield of shrimp is 1,250 lb/acre, this does not mean 
that the yield next year will be 1,250 lb/acre, but rather 
that, over the next several years, the average shrimp 
yield will be approximately 1,250 lb/acre. 

In addition to the mean, the median and the mode 
also measure a distribution’s central tendency. The me¬ 
dian is the middle or half-way point. Thus, half of the 
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Figure 16.3. Measures of central tendency for various types of distributions. 


observations will be less than the median and half of 
the observations will be greater than the median. The 
mode is the most common or most likely value. 

When the distribution is symmetric, the mean is 
equal to the median. When the distribution is normally 
distributed, then the mean is equal to the median and is 
also equal to the mode. Distributions that are skewed 
or asymmetric have means, medians, and modes that 
are all different (Figure 16.3). 

Measures of spread or variability can also be used to 
measure risk. Probability-weighted measures of vari¬ 
ability can be calculated. All begin with the deviation 
of the possible outcomes from the mean. If x,- is an 
outcome and E[x\ = mean, then 

Deviation D, = x, — E|x | = x,- — m 

Variance is the probability-weighted average of the 
squared deviation of each outcome from the mean and 
can be represented as: 

N N 

Variance = s 2 = ^ p,D 2 = ^ p, (x, - £[x, ]) 2 

i=i i=i 

(16.3) 

Why is the deviation squared? This is because it 
converts all deviations to be positive. Negative and 
positive deviations of the same size have the same 
value; in other words, —4 2 = 16. 

The CV is calculated by dividing the standard 
deviation by the mean and is expressed as a percent. 
Thus, if the standard deviation is 150 and the mean is 
600, then the CV is 0.25 or 25%. The CV normalizes 


the standard deviation by the mean. A CV of 25% 
indicates that the standard deviation is 25% of the 
mean. 

Risk can also be calculated by developing probabil¬ 
ity density functions, statistical functions that describe 
all possible outcomes and associated probabilities. 
Table 16.1 illustrates the data for a probability density 
function. The probability of occurrence is specified 
(0.2-0.4) for each range of fish yield (2,000-6,000 
lb/acre). The possible range of fish yields is listed 
along with the midpoint of the range and the proba¬ 
bility of occurrence. The midpoint yield is multiplied 
by the probability of occurrence to form the expected 
yield. 

If the data are discrete, there are only two options, 
win or lose, or heads or tails from a coin toss. For con¬ 
tinuous data, such as catfish or shrimp prices at harvest 
or next year’s earnings, the functions developed are 


Table 16.1. Using Probabilities to Form 
Expectations. 


Possible 
fish yields 
(lb/acre) 

Midpoint 

(lb/acre) 

Probability 

Expected 

yield* 

2,000-3,000 

2,500 

0.2 

500 

3,000-4,000 

3,500 

0.4 

1,400 

4,000-5,000 

4,500 

0.3 

1,350 

5,000-6,000 

5,500 

0.1 

550 

Total 


1.0 

3,800 


* Probability X midpoint (lb/acre). 
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Catfish yield 



Ib/acre 


Figure 16.4. Normal distribution with continuous data. 


continuous functions. Figure 16.4 illustrates a contin¬ 
uous distribution. In this case, the maximum tempera¬ 
ture has a normal distribution with a mean of 70 and a 
standard deviation of 10. 

The formula for the probability density function is: 


/(•*) 


1 

V2rr(10 2 ) 


exp 


(x - 70) 2 

2 ( 10 2 ) 


(16.4) 


in Figure 16.1. The cumulative distribution function in 
Figure 16.5 becomes steeper at higher yield levels that 
correspond to good weather. Thus, the yield response 
to poor weather is greater than that to good weather. 


FINANCIAL INDICATORS THAT 
PROVIDE INSIGHT INTO RISK 


Distributions can take forms other than that of a 
normal distribution. For example, a distribution devel¬ 
oped for price data may be lognormal, a beta distribu¬ 
tion may be used for percent losses or rates of gain, 
and gamma or Weibull distributions used for yields. 
Empirical distributions can be developed from raw 
data. 

A cumulative distribution function can be traced 
that calculates the probability that the random vari¬ 
able takes on a value less than or equal to that of the 
random variable. Figure 16.5 illustrates a cumulative 
distribution function that shows all possible levels of 
catfish yield in response to the weather effects shown 


There are other approaches to measuring risk. Several 
of the indicators presented in Chapter 4 provide a type 
of measure of risk. For example, the liquidity measures 
presented in Table 4.5 provide a measure of the ability 
of the business to meet its short-term cash obligations. 
For example, the current ratio of 2.55 shows ample 
current assets to meet current liabilities. This is sup¬ 
ported by the amount of working capital for the farm, 
$171,377. This amount of working capital indicates the 
extent of the safety margin of cash available to the farm 
business to cover any unexpected adverse conditions. 
Similarly, the cash flow coverage ratio and the debt¬ 
servicing ratio provide a measure of the safety margin 



Figure 16.5. Cumulative distribution function. 
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of available cash above that required for meeting debt¬ 
servicing requirements associated with loan payments. 

Additional measures of cash flow risk can be calcu¬ 
lated from the cash flow budget. These include: (1) per¬ 
cent farm revenue can decline and still meet cash flows; 
(2) percent farm expenses can increase and still meet 
cash flows; and (3) percent interest rates can increase 
and still meet cash flows. These are self-explanatory, 
but provide a measure of the safety margin for adverse 
situations with farm revenue, farm expenses, and in¬ 
terest rates. These measures indicate how much of a 
change can occur in these measures and still be able to 
make the payments needed. 

STOCHASTIC DOMINANCE AND 
EFFICIENCY ANALYSES 

Researchers have developed the theory and methodol¬ 
ogy to rank various alternatives according to the riski¬ 
ness of each. Much of this work has been done relative 
to choices among various financial investments. This 
work has since been extended to agriculture scenarios 
that entail risky situations. While there are other frame¬ 
works within which to measure and compare risky 
alternatives, the stochastic dominance framework has 
been used more frequently in recent years. It provides 
a quantitative means to rank various alternatives and 
identify which is “better" or which one “dominates” 
(stochastic dominance) the others in terms of the re¬ 
lationship between expected returns (profits) and the 
level of risk. Levy (2006) presents a detailed discus¬ 
sion of stochastic dominance, from development of 
the underlying theory, stochastic dominance decision 
rules, relevant algorithms, and presents several empir¬ 
ical studies. 

There have been several applications of stochastic 
dominance analysis in aquaculture. Gempesaw et al. 
(1992) used stochastic dominance with respect to a 
function to evaluate pond size and the profitability of 
growout of hybrid striped bass. The analysis was based 
on a dynamic whole simulation model developed in a 
capital budgeting framework (see Chapter 13 for more 
detail on capital budgeting). Data used were obtained 
from the literature and were used to develop repre¬ 
sentative farm scenarios. The analysis showed that the 
optimal size of pond was in the range of 2.5 to 10 acres. 

Kazmierczak and Soto (2001) compared the risk 
efficiency of various farm sizes. Monte Carlo simu¬ 
lations were run to generate probability distributions 
of net returns based on stochastic prices, feed prices, 
and yields of catfish. Net returns were shown to be 


distributed in a non-normal fashion. Results showed 
that large farms were the most risk efficient. 

Stochastic dominance criteria can also be incor¬ 
porated into other modeling analyses. For example, 
Dalton et al. (2004) developed a simulation model 
for producing juvenile haddock based on multivari¬ 
ate stochastic cost functions. Principal results showed 
that land-based production of juvenile haddock was 
viable in spite of the high opportunity cost of capital. 
The financial risk, however, was shown to pose a con¬ 
straint to industry development. Four alternative feed¬ 
ing technologies for juvenile haddock were compared. 
Stochastic dominance criteria demonstrated that early 
weaning of fry from Artemia was not feasible. 

Spreadsheet-based Risk Simulations 

There are several spreadsheet-based risk simulation 
software programs that can be used relatively easily to 
incorporate elements of risk into basic budget analyses. 
The two most common forms are @RISK (Palisade 
Corporation) and Crystal Ball (Microsoft Corpora¬ 
tion). These software programs allow the practitioner 
to insert distributions rather than single-point num¬ 
bers into spreadsheet cells. The spreadsheet software 
program then draws a sample from each distribution, 
calculates the net returns, records it, and then draws 
another sample from each distribution in the spread¬ 
sheet, calculates a net returns, records it, and so on. 
The process is repeated for as many simulations as 
are established, frequently 500-1,000 iterations. The 
results generated are composed of distributions of net 
returns instead of a single value of net returns. Such a 
distribution provides a basis for calculating the proba¬ 
bility of losing money, or the probability of earning a 
specific amount of profit in the business. 

Spreadsheet-based risk simulations have become 
fairly popular in aquaculture economic analyses. This 
is likely due to the riskiness of aquaculture technolo¬ 
gies and businesses and the ease of use of spreadsheet- 
based risk methodologies. 

Risk simulations have been used to evaluate the 
economic feasibility of new species and production 
systems. For example. Medley et al. (1994) used a 
spreadsheet-based risk simulation software (@RISK; 
Palisade Corporation) to evaluate the economic fea¬ 
sibility of red claw (Cherax quadricarinatus ) culture 
at three different densities. The risk analysis showed 
that the economic feasibility is sensitive to the cost 
of juveniles, the percentage of harvest biomass of the 
larger size classes, the price of the larger size classes 
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of red claw crayfish, and the length of the production 
season. 

Zucker and Anderson (1999) compared various al¬ 
ternative production and marketing scenarios with a 
dynamic, stochastic model of a land-based summer 
flounder (Paralichthys dentatus) farming business. The 
model was developed using Microsoft Excel® (Mi¬ 
crosoft Corporation, Washington, USA) software. The 
simulation model developed included submodels for 
the production facility, for growth and biological pa¬ 
rameters, marketing, and a financial summary. Data 
used were primarily from literature and expert opin¬ 
ion. Two selling strategies and six marketing strategies 
were modeled along with various alternative scenarios 
that included: (1) varying growth rates by 25%; (2) 
effects of a low interest rate of 2%; (3) advancement 
in system engineering that results in a 25% increase 
in density; and (4) change in policy that allows for 
possession of fish smaller than 0.34 kg. Model results 
showed that conditions for such a land-based flounder 
production system to be profitable included a location 
near a source of salt water, sales that targeted premium 
market outlets such as sushi markets, and development 
of adaptive market strategies. 

Spreadsheet-based risk analyses have also been used 
to identify key sources of risk for established aqua¬ 
culture species and technologies. Several studies used 
data from shrimp farms in risk analyses. For exam¬ 
ple, Valderrama and Engle (2001) developed an anal¬ 
ysis of the financial risks of shrimp farming in Hon¬ 
duras with a stochastic simulation model using Crystal 
Ball™ software (Decisioneering, Denver, Colorado). 
Data used were obtained from a survey of shrimp farms 
in Honduras that included farms from 10 ha to over 400 
ha as well as an alternative semi-intensive technology 
for raising shrimp. Correlations identified in the sur¬ 
vey data for feed prices and farm sizes were used to 
link six other variables (total seed costs, feed quantity, 
total full-time labor, total diesel costs, debt payment, 
and infrastructure depreciation). The primary source 
of risk in this situation was not price fluctuation but 
fluctuating yields. Certainty levels of achieving prof¬ 
its on various farm sizes and production technologies 
were calculated. 

Seijo (2004) used Crystal Ball© to develop a bioe- 
conomic model to estimate the risk of exceeding spec¬ 
ified limit reference points for shrimp aquaculture pro¬ 
duction. Particular emphasis was placed on assessing 
the alternative timing of harvesting decisions. Results 
showed that risk can be reduced by harvesting in 6- 
7 months. The model also showed which types of 


financial indicators are affected the most by harvesting 
in other periods. 

Martinez and Seijo (2001) further developed the 
model to evaluate the economic effects of risk and 
uncertainty of various alternative water exchange and 
aeration rates in semi-intensive shrimp culture sys¬ 
tems. Particular sources of risk included: seed price, 
shrimp growth rate, survival rate, and shrimp prices. 
Results showed that the traditional production technol¬ 
ogy was more profitable than reducing water exchange 
and increasing aeration levels. Nevertheless, the dif¬ 
ferences were small and, under the assumed risks, the 
probability of achieving a positive net present value 
was high. 

Martinez and Seijo (2001) developed an Excel- 
based bioeconomic model with a Bayesian decision 
analysis approach. The model was used to choose the 
cycling strategy for shrimp farms in Mexico, either a 
6-8 month production cycle or 2-, 3-, or 4-month pro¬ 
duction cycles with complete harvests. The two-cycle 
strategy was a better option for the southern areas while 
the one-cycle strategy was better for the northern areas. 

Pomerleau and Engle (2003) used a spreadsheet- 
based risk simulation analysis to evaluate the effects 
of stochastic fluctuations of feed cost, feed conversion 
ratio (FCR), yield, survival, and fish length on break¬ 
even costs of production data. Data used were from 
an experimental pond study. The lowest risk strategy 
was the medium stocking density. The risk analysis 
further showed that the probability of breakeven prices 
was 0-9% of being above the Stocker market price of 
$2.20/kg. 

Hishamunda et al. (1998) developed a spreadsheet- 
based risk analysis of small-scale fish farming in 
Rwanda. The add-in software program to Lotus 1- 
2-3, @Risk, was used to develop a simulation of fish 
farming by cooperatives and by individual farmers. 
Labor was the major determinant of economic success 
on small-scale farms in Rwanda. Overall, the proba¬ 
bility of economic success was below 15% and net 
returns to land and management were negative. More¬ 
over, fish production was riskier than production of 
beans and cabbages. Farms managed as cooperatives 
were likelier to fail than were farms that were managed 
by individual farmers. 

RISK PROGRAMMING 
MODEL-BASED RESEARCH 

Chapter 17 describes methods to develop whole-farm 
models with mathematical programming techniques. 
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including methods of incorporating risk and stochastic 
elements into the analysis. This section will provide 
a few examples of applications of risk programming 
models in aquaculture. 

Risk programming models have been used to 
evaluate new production technologies. For example, 
Hochmann et al. (1990) developed a stochastic dy¬ 
namic decision model to evaluate the potential of a 
round pond technology for shrimp production. The 
model results provided an optimal stocking and har¬ 
vesting schedule for a shrimp pond that resulted in 
doubling net profits from shrimp production. 

Other analyses have used risk programming tech¬ 
niques to evaluate management alternatives for es¬ 
tablished aquaculture industries such as shrimp and 
catfish. For example, Valderrama and Engle (2002) 
developed a Target MOTAD risk programming model 
of shrimp farming in Honduras based on survey data 
from commercial shrimp farms. Overall risk levels 
measured were relatively low, primarily due to selec¬ 
tion of intermediate and low stocking densities during 
the rainy season. However, dry season production was 
associated with a relatively high degree of risk. Al¬ 
ternate farm plans were identified that further reduced 
risk levels. 

Engle and Hatch (1988) developed a Target MO¬ 
TAD risk programming model to compare alternative 
aeration strategies for catfish production. Data used 
included experimental data available from the litera¬ 
ture. Greater amounts of electric aeration on catfish 
farms allowed farmers to increase stocking densities 
and feeding rates. However, these more intensive pro¬ 
duction levels entailed greater risk of losses from 
power outages or other events that result in losses. The 
study results identified the profit-maximizing choice of 
aeration strategy for different levels of risk tolerance 
of farmers. Continuous nightly aeration was selected 
most often, but greater levels of concern of financial 
risk resulted in selecting a less expensive type of elec¬ 
tric aerator. 

OTHER SIMULATIONS AND RISK 
ANALYSES 

Arnason (1992) developed a dynamic optimization 
model to develop optimal feeding and harvesting 
schedules for a variety of different growth response re¬ 
lationships. The analysis demonstrated that the profit- 
maximizing feeding paths may take a variety of dif¬ 
ferent shapes that depend on the shape of the growth 
function. The Arnason (1992) study was extended by 


Heaps (1993) to demonstrate that, if fish growth is 
density-independent, then harvesting scheduling need 
not account for culling fish before. 

Jin et al. (2005) developed a simulation model to 
assess the risk of open-ocean aquaculture. The model 
is based on an expected value-variance analysis of a 
firm-level investment-production model to simulate 
aquaculture growout, estimate the benefit-cost values 
of the project, and to calculate the risk premium for a 
risk-averse investor. The analysis included a case study 
of open-ocean aquaculture of Atlantic cod (Gadus 
morhua ) in New England, USA. The analysis showed 
that the risk level and the risk-aversion parameter were 
inversely related to the investment level. Under condi¬ 
tions of uncertainty, the scale of aquaculture operations 
would be smaller than with certainty of conditions. 

Tveteras (1999) evaluated risky production tech¬ 
nologies on Norwegian salmon farms by examining 
the risk properties of inputs and patterns of technical 
change for both deterministic and risky parts of the 
technology. The analysis further examined how dif¬ 
ferent specifications of farm-specific effects, different 
functional forms, and different estimators influenced 
the empirical results. Results showed that increasing 
feed and fish inputs increased risk while increasing la¬ 
bor inputs decreased risk. A risk preference function 
was developed for Norwegian salmon farming based 
on panel data to estimate a Cobb-Douglas production 
function. Absolute, relative, and downside risks for 
each producer were calculated from the parameters 
estimated from the risk preference function. Salmon 
farms were found to be risk averse and salmon farm¬ 
ers’ risk preferences exhibited decreasing absolute risk 
aversion. 

RECORD-KEEPING 

Risk analysis requires data on the variability of key 
parameters. In aquaculture, these key parameters often 
include the price of the product, the price of feed, and 
the yield (lb/acre of production). Thus, it is important 
to maintain access to records of how the values of these 
parameters fluctuate over time. 

Records of prices of some types of aquaculture prod¬ 
ucts can be found in publicly available sources. For 
example, in the United States, prices paid to farm¬ 
ers of catfish and trout are available online from the 
U.S. Department of Agriculture. However, there are 
no long-term datasets of prices of other types of aqua¬ 
culture species. Even when there is a long-term indus¬ 
try dataset for prices, it is important for the farmer/ 
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Figure 16.6. Frequency distribution of net returns for 256-acre catfish farm. 


manager to maintain a record of the prices received for 
each shipment of fish. 

Net prices are even more important to track. De¬ 
ductions from the stated price will affect the overall 
profitability of the business. Tracking the reasons for 
the deductions may point to strategies to reduce these 
over time or to decide to switch to another processing 
plant. 

Tracking yields from ponds will provide a basis from 
which to calculate the yield risk. If some ponds con¬ 
sistently produce lower yields than others over time, 
overall farm-wide yield risk can possibly be reduced 
by reworking those ponds or planting them in a differ¬ 
ent crop. 

Similarly, recording total feed fed to each pond for 
each year will allow the manager to track FCRs, over¬ 
all performance of various ponds, and how this perfor¬ 
mance varies from year to year. 

PRACTICAL APPLICATION 

The enterprise budget presented in Chapter 10 
(Table 10.2) was used as the basis for a risk simula¬ 
tion analysis using the Microsoft Excel add-in program 
Crystal Ball (Decisioneering, Denver, Colorado). Ta¬ 
ble 10.2 shows net returns to operator’s labor, manage¬ 
ment, and risk of $2,792 for the 256-acre catfish farm. 

Stochastic distributions were entered into the 
spreadsheet for the following parameters: yield of cat¬ 
fish, price of catfish, feed prices, feeding rate, and 


prices of fingerlings, labor, fuel (gas and diesel), 
electricity, repairs and maintenance, bird depredation, 
telephone expenses, office supplies, farm insurance, 
and legal/accounting expenses. Normal distributions 
were used for the yield of catfish, fish prices, feed¬ 
ing rate, and feed prices. Triangular distributions were 
used for prices of fingerlings, labor, and the other 
types of inputs. The simulations were run with 1,000 
iterations. 

Figure 16.6 shows the frequency of net returns to 
operator’s labor, management, and risk that resulted 
from the simulation analysis. 

Mean net returns were —$4,577 ± $8,683 for the 
256-acre catfish farm. The profitability of making a 
profit above total costs was 51% while the probabil¬ 
ity of covering all variable costs was 71%. Table 16.2 
shows the rank correlations of the contributions of 
the relative contributions of each stochastic parameter 
on overall risk. Yield clearly had the greatest effect 
on overall risk (0.89) and was followed by the price 
of catfish (0.27). The analysis demonstrates the care 
and attention that must be paid to achieving consis¬ 
tent yields on the farm, from both a management and 
research perspective. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Zucker and Anderson (1999) used a dynamic stochas¬ 
tic model to develop recommendations for a newly 
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Table 16.2. Rank Correlation Coefficients for 
the Stochastic Parameters in the Risk 
Simulation Analysis of a 256-acre Catfish 
Farm. 


Parameter 

Rank correlation 

coefficient 

Yield 

0.89 

Catfish price 

0.27 

Feed price 

-0.21 

Feeding rate 

-0.19 

Farm insurance 

-0.07 

Repairs and maintenance 

0.06 

Office supplies 

0.04 

Electricity 

-0.03 

Fingerling price 

-0.03 

Fuel (gas and diesel) 

-0.03 

Telephone 

0.02 

Salary 

0.01 

Bird depredation 

0.01 

Legal/accounting 

-0.01 

Second salary 

-0.01 


emerging aquaculture technology, that of land-based 
production of summer flounder. For a new startup 
aquaculture business, there are both production and 
marketing risks that can determine the success or fail¬ 
ure of the new business. The model developed was 
used to evaluate a series of scenarios. The scenarios 
evaluated included: (1) the effects of improvements in 
the biological production that would result in 25% im¬ 
provements in the growth rates at the lower end of the 
distribution and 5% improvement in the fastest growth 
rates expected; (2) effects of a low-interest loan rate 
of 2% on real estate and vehicle loans; (3) engineer¬ 
ing improvements that would increase the production 
capacity of the system by 25%; and (4) change in reg¬ 
ulations that would allow for fish smaller than 0.34 kg 
to be sold. 

The least risky alternative, in terms of generating 
profits from the business, was to locate the business 
near a ready source of saltwater, sell to sushi chefs 
who prefer a medium-sized fish, and actively manage 
the business to adjust to market dynamics. The sce¬ 
nario that resulted in the greatest improvement was 
the policy option that would allow flounder farmers 
to sell a smaller fish, although all options considered 
showed some improvement. 


SUMMARY 

This chapter presents an overview of risk in aquacul¬ 
ture, discussing the various types of risk (production, 
marketing, and financial) and the difference between 
risk and uncertainty. Risk measurements based on 
calculating probabilities and probability density 
functions are presented. Literature on the use of 
spreadsheet-based risk simulations, stochastic dom¬ 
inance analysis, and risk programming model-based 
studies is summarized. 

REVIEW QUESTIONS 

1. What is risk and how is it different from uncer¬ 
tainty to economists? 

2. List three major categories of risk and describe 
aquaculture examples of each. 

3. What is commonly the relationship between risk 
and expected profits? Draw a graphical illustration 
of this relationship. 

4. How is risk measured? Describe several ways to 
measure risk. 

5. What is a cumulative distribution function and 
how is it interpreted? 

6. Describe several financial indicators that can be 
used to interpret the level of risk for an aquaculture 
business. Use examples from aquaculture. 

7. What is a spreadsheet-based risk simulation and 
what output does it provide? 

8. Name and describe two software programs that 
can be used to develop a risk simulation with a 
spreadsheet program. 

9. Describe some uses of risk programming mathe¬ 
matical programming models. 

10. Describe several situations for which a risk anal¬ 
ysis would be a more appropriate type of analysis 
than a deterministic analysis. 

REFERENCES 

Arnason, Ragnar. 1992. Optimal feeding schedules 
and harvesting time in aquaculture. Marine Re¬ 
source Economics 7(1): 15—35. 



206 


Research Techniques to Analyze Farm-Level Decision-Making 


Dalton, Timothy J., Kate M. Waning, and Linda Kling. 

2004. Risk efficient juvenile haddock production 
systems: an ex-ante recursive stochastic approach. 
Aquaculture Economics and Management 8(1/2): 
41-59. 

Engle, Carole R. and Upton Hatch. 1988. Economic as¬ 
sessment of alternative aquaculture aeration strate¬ 
gies. Journal of the World Aquaculture Society 
19(3):85—96. 

Gempesaw, Conrado M., Richard Bacon, and Ferdi¬ 
nand F. Wirth. 1992. Economies of pond size for 
hybrid striped bass growout. Journal of the World 
Aquaculture Society 23( 1 ):38—48. 

Heaps, Terry. 1993. The optimal feeding of farmed 
fish. Marine Resource Economics 8:89-99. 
Hishamunda, Nathanael, Curtis M. Jolly, and Upton 
Hatch. 1998. Evaluating and managing risk in small- 
scale fish farming in a developing economy: an ap¬ 
plication to Rwanda. Aquaculture Economics and 
Management 2( 1 ):31 —38. 

Hochman, RS. Leung, L.R. Rowland, and J. Wyban. 
1990. Optimal scheduling in shrimp mariculture: 
a stochastic growing inventory problem. American 
Journal of Agricultural Economics 72:382-393. 

Jin, Di, Hauke Kite-Powell, and Porter Hoagland. 

2005. Risk assessment in open-ocean aquaculture: 
a firm-level investment-production model. Aquacul¬ 
ture Economics and Management 9:369-387. 

Kazmierczak, Richard F., and Patricia Soto. 2001. 
Stochastic economic variables and their effect on 
net returns to channel catfish production. Aquacul¬ 
ture Economics and Management 5(1/2): 15-36. 
Knight, Frank H. 1921. Risk, Uncertainty, and Profit. 

1964 Edition. New York: Augustus M. Keley. 

Levy, Haim. 2006. Stochastic Dominance: Investment 
Decision Making Under Uncertainty. New York: 
Springer Science Business Media. 


Martinez, Jose A. and Juan Carlos Seijo. 2001. Eco¬ 
nomics of risk and uncertainty of alternative water 
exchange and aeration rates in semi-intensive shrimp 
culture systems. Aquaculture Economics and Man¬ 
agement 5(3/4): 129-145. 

Medley, Paul B., Robert G. Nelson, Upton Hatch, 
David B. Rouse, and Gerard F. Pinto. 1994. Eco¬ 
nomic feasibility and risk analysis of Australian 
red claw crayfish Cherax quadricarinatus aqua¬ 
culture in the southeastern United States. Jour¬ 
nal of the World Aquaculture Society 25(1): 135— 
146. 

Pomerleau, Steeve and Carole R. Engle. 2003. Produc¬ 
tion of stocker-size channel catfish: effect of stock¬ 
ing density on production characteristics, costs, and 
economic risk. North American Journal of Aquacul¬ 
ture 65:112-119. 

Seijo, Juan Carlos. 2004. Risk of exceeding bioeco- 
nomic limit reference points in shrimp aquaculture 
systems. Aquaculture Economics and Management 
8(3/4):201—212. 

Tveteras, Ragnar. 1999. Production risk and pro¬ 
ductivity growth: some findings for Norwegian 
salmon aquaculture. Journal of Productivity Anal¬ 
ysis 12(2): 161 

Valderrama, Diego and Carole R. Engle. 2001. Risk 
analysis of shrimp farming in Honduras. Aquacul¬ 
ture Economics and Management 5( l/2):49—68. 

Valderrama, Diego and Carole R. Engle. 2002. Eco¬ 
nomic optimization of shrimp farming in Honduras. 
Journal of the World Aquaculture Society 33(4): 
398^109. 

Zucker, David A. and James L. Anderson. 1999. A dy¬ 
namic, stochastic model of a land-based summer 
flounder Paralichthys dentatus aquaculture firm. 
Journal of the World Aquaculture Society 30(2): 
219-235. 



17 

Whole-Farm Modeling of Aquaculture 


INTRODUCTION 

Economic analysis of aquaculture frequently has fo¬ 
cused on examining the economic consequences of 
specific changes that might be made on the farm based 
on a new experiment that has yielded what appear to be 
beneficial results. Enterprise budgets, partial budgets, 
and cost analyses have been commonly used. However, 
these types of analyses are limited in scope in that they 
examine only one enterprise (enterprise budget), one 
small change on the farm (partial budget), or costs as¬ 
sociated with a specific production activity (cost anal¬ 
ysis). In many cases, the analysis is developed on the 
basis of a single pond as the unit of analysis. 

These types of analyses are useful as long as they 
are interpreted correctly. Incorporating some cost and 
return elements into basic production research does 
provide insights into the results and can suggest impli¬ 
cations. 

These types of analyses, however, are limited in 
that many variables from across the farm may affect 
whether or not the farmer can implement the new re¬ 
search results. The number of ponds, availability and 
skill level of the workforce, access to capital for oper¬ 
ating or for additional investment, availability of ad¬ 
equate types and suitability of equipment, credit ca¬ 
pacity of the farm business, and regulatory constraints 
may prevent new technologies or new research results 
from being adopted or from being feasible on farms. 
Enterprise budgets, partial budgets, and cost analyses 
do not allow these types of constraints to be considered 
in the analysis. 

An enterprise is part of a greater farming system 
that involves sometimes complex interactions across 
the entire farm. Ignoring these interactions may lead 
to farm plans that are not feasible or are not realistic. 
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Whole-farm models incorporate the availability of 
resources, constraints, and their interactions across 
the entire farm. Biological, economic, and financial 
factors are integrated into one analysis. Whole-farm 
models can be used to compare the economics of 
adopting new technologies on a farm, to identify the 
optimal set of production practices for that partic¬ 
ular farm, or to identify which types of resources 
are the most constraining to that particular farm 
business. 

There are two basic broad categories of whole- 
farm modeling: whole-farm budgeting and mathe¬ 
matical programming models. Whole-farm budget¬ 
ing is similar in some ways to developing an 
enterprise budget, with the difference that the costs 
and revenues are developed for the entire farm. Math¬ 
ematical programming models are more flexible than 
a whole-farm budget and provide a comprehensive 
model that results in a more complex set of results 
that demonstrate how to optimize the use of the farm’s 
resources. 

Development of a whole-farm budget relies primar¬ 
ily on farm records of costs and returns. If a farmer 
maintains appropriate records and develops balance 
sheets and income statements each year, there is little 
difficulty in converting these numbers into a whole- 
farm budget. If the farmer wishes to consider changes 
for the next year, the effects of those changes can 
be estimated for an “end-of-year” whole-farm bud¬ 
get that shows the effect on farm profits. The pri¬ 
mary disadvantage of whole-farm budgeting is that 
budgets are cumbersome mechanisms for examining 
a variety of levels associated with different technolo¬ 
gies and changes. For example, a farmer looking at 
changing stocking densities on his/her farm would 
have to choose exactly which densities to use in which 
ponds prior to developing the whole-farm budget. If 
he/she then decides that additional densities need to 
be analyzed, an entirely new farm budget will need 
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to be developed. The degree of labor and financial 
constraints to the farm business must be set prior to 
developing the budget and new budgets must be de¬ 
veloped for each different level of labor or financial 
constraint. 

Mathematical programming models, on the other 
hand, allow for inclusion of a variety of levels of dif¬ 
ferent changes being considered for the farm. If stock¬ 
ing density is the major change being considered, the 
model can include 5, 10, or more different densities. 
Moreover, the model can be developed to include dif¬ 
ferent stocking densities of different sizes, species, or 
strains of fish. Different levels of availability of oper¬ 
ating and investment capital, terms of lending, vary¬ 
ing availability of degrees of skill of labor along with 
varying prices of inputs can be modeled in mathe¬ 
matical programming models. However, development 
of mathematical models requires a great deal of data. 
Each option included in the model requires complete 
data. If few data are available on the various alterna¬ 
tives and levels desired for the analysis, a whole-farm 
budget may be the only option available. It is better 
to develop a simpler model from reliable records, then 
to develop a more sophisticated model with too few 
data. Training and skill are required to develop useful 
mathematical programming models. 

This chapter discusses both whole-farm budget pro¬ 
cedures and mathematical programming model analy¬ 
ses in aquaculture. The various types of analyses are 
compared and contrasted. 

WHOLE-FARM BUDGETING 

A whole-farm plan outlines the production activities 
for the farm and identifies the resources needed to 
produce this set of activities. The whole-farm budget 
compiles the resource requirements and expected costs 
and returns for the combination of amounts of com¬ 
modities selected as the best combination for the farm 
business. 

The bottom line of the whole-farm budget is the 
projected net farm income. If various scenarios are 
considered, the net farm income can be compared to 
select the specific plan that results in the greatest net 
farm income. 

The structure of a whole-farm budget is similar to 
that of an income statement. The various sources of 
revenue are itemized by type of crop to be produced. 
Variable and fixed costs for the entire farm are esti¬ 
mated. Total costs are subtracted from total revenue to 
calculate net farm income. 


Mechanics of Constructing a 
Whole-farm Budget 

Development of a whole-farm budget begins with an 
inventory of resources. These include the land avail¬ 
able, buildings, wells, ponds, and other production fa¬ 
cilities, a marketing or grading shed, equipment avail¬ 
able, access to both investment and operating capital, 
labor, and management. It is important to specify de¬ 
tails on the type, quality, and quantity of each type 
of resource. Pond sizes, number, volumes, and sizes 
of vats and tanks, all need to be specified. The ability 
to borrow additional capital must be assessed realisti¬ 
cally. The lack of credit capacity can limit the adoption 
of new technologies and limit the ability of the farmer 
to make needed upgrades to more efficient equipment. 
Liquidity problems can arise if input prices increase 
rapidly and unexpectedly and the farmer has no capac¬ 
ity to acquire additional operating capital. 

Labor resources must be assessed as well. The level 
of skill required for the types of enterprises selected for 
the farm business must be specified. Management skill 
must be assessed as well. Age, experience, manage¬ 
ment performance, special skills, and any weaknesses 
can be important factors. 

When resources available to the farmer have been 
identified, the enterprises to be included on the farm 
must be selected. Decisions should include the species 
to be raised and whether to raise foodfish crops or in¬ 
termediate crops of fingerlings or Stockers. Enterprise 
budgets must be developed for each enterprise to be 
included on the farm. The enterprise budget specifies 
the resources required, costs and revenue, and gross 
and net margins for each unit of production. 

The next step is to determine how much of each en¬ 
terprise to raise on the farm. The key is to identify the 
best use of the resources available and which combi¬ 
nation of enterprises will result in the highest profits 
given the set of resources available to the farm. 

The whole-farm budget then estimates the expected 
revenue and expenses. Cash inflow, outflow, and liq¬ 
uidity should be evaluated along with the effects of 
various combinations of enterprises on profits and liq¬ 
uidity. Other options for changing the farm plan, such 
as adopting a new technology or expansion or contrac¬ 
tion of the farm business should be considered. Finally, 
the exact amount of resources required for the optimal 
farm plan should be detailed. 

Whole-farm budgets can be used to project 
outcomes for proposed changes on the farm. Net 
returns and liquidity can then be compared across 
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the various combinations considered. Net cash flow 
can be projected for each combination considered by 
adding expected farm and off-farm revenue for each 
plan under consideration. Cash farm income from 
nonfarm work and investments are then added to total 
cash inflows. Cash farm expenses and cash outlays to 
replace capital assets and debt payments all constitute 
cash outflows. Total farm cash outflows are subtracted 
from cash inflows to obtain net cash flows for the 
budget for each whole-farm plan developed. 

MATHEMATICAL PROGRAMMING 

Mathematical programming is a computational 
method to allocate limited resources to maximize profit 
or minimize costs. It is a mathematical technique that 
uses a systematic procedure to find the best possi¬ 
ble enterprise combination. It allocates resources to 
their best possible uses to achieve a given objective, 
given the limitations and restrictions on the use of each 
type of resource. It can be used at the farm, industry, 
or regional level. The word “programming” refers to 
planning and not developing computer code. However, 
computers are used to solve large mathematical pro¬ 
gramming models to find the “optimal” (best or most 
profitable) plan. 

There are many uses of mathematical program¬ 
ming models. They can be used to (1) identify profit- 
maximizing combinations of scarce resources (labor, 
land, feed, fry) for production of a given species; (2) 
allocate land to particular crops; (3) identify the best 
allocation of scarce resources for production of dif¬ 
ferent species; (4) develop plans for the most efficient 
use of labor and machinery; (5) identify the least-cost 
ingredients of a diet to meet specified nutritional re¬ 
quirements and formulate least-cost rations for live¬ 
stock; (6) identify least-cost geographic sources from 
which fry and raw materials should be purchased; or 
(7) identify the best allocation of output among geo¬ 
graphic markets. 

Fundamental Concepts Underlying 
Mathematical Programming Models 

Linear programming (LP) models essentially trace a 
production possibilities curve (for more details on the 
economic concept of a production possibilities curve, 
see (Baumol and Blinder 1999)) with linear segments. 
A production possibilities curve shows a series of 
points where combinations of production activities are 
feasible, given the quantities of resources available and 
the quantities required for each type of crop. 


Hybrid striped bass 



Figure 17.1. Graphical illustration of the concept of lin¬ 
ear programming. 


Figure 17.1 illustrates the fundamental concept that 
underlies LP with a simplified two-dimensional graph. 
Only two decision variables can be represented in such 
two-dimensional graphs. Hybrid striped bass and cat¬ 
fish production quantities are graphed on the axes. The 
lines represent the linear equations of requirements for 
the resource constraints of land, labor, and capital. The 
points A, B, C, and D define the area called the feasible 
region. Any combination of tilapia and catfish activi¬ 
ties on or within this area is feasible given the resource 
restrictions or constraints. The optimal solution is 
found by identifying the line of equal gross margin that 
just touches one of the vertex points (A, B, C, or D). 

The optimal plan that is generated from a LP model 
consists of the number of acres of ponds or the head of 
fish stocked needed to maximize profits. This combi¬ 
nation of enterprises then needs to be used to develop 
the financial and economic statements that correspond 
to that optimal plan. 

Structure of Basic LP Model 

For whole-farm planning, a mathematical program¬ 
ming model typically maximizes an objective function 
subject to specified constraints. LP models (in which 
the equations in the model are linear) are most com¬ 
monly used because they do not require as much data 
as some of the other types of models. 

The LP tableau is a table that organizes the 
information for a LP model. Table 17.1 demonstrates 
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Decision variables 
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Figure 17.2. Mathematical form of a linear program¬ 
ming model. 


a tableau for an LP model for an aquaculture business 
in Thailand. 

LP models include a linear objective function that 
describes mathematically the objective of the farm plan 
to be developed and the decision variables or activities 
to be optimized (Figure 17.2). This equation consists 
of the sum of revenue-generating opportunities with 
the costs subtracted from the revenue generated. The 
objective function for farm plans usually maximizes 
net returns on the farm. 

Decision variables, the variables whose values will 
be calculated by the model, are selected and defined. 
Each decision variable represents a particular farm en¬ 
terprise or a particular level of production of a farm 
enterprise. An example could be the number of ponds 
to allocate to hybrid striped bass production in either 
monoculture or a specific polyculture combination. 
Each different production level for each enterprise is 
specified as a separate decision variable. These levels 
may represent various stocking densities, various lev¬ 
els of aeration usage, different sizes of ponds, or some 
other production or management system. 

The resources that limit how much and what can 
be produced are modeled as constraints in the model. 
Constraints represent the limitations or restrictions on 
the number of units of an activity or variable that can be 
put into production, given the level of resources avail¬ 
able. For example, farms have only a certain number 
of ponds available and the farm plan cannot allocate 
activities to more ponds than are available (unless the 
model allows for the possibility of an activity to build 
additional ponds). Typical constraints include land, la¬ 
bor, fingerlings, and capital. Credit capacity used in 
the plan cannot exceed the farm's credit or exceed 
the maximum on the line of credit. The combination 


of activities selected cannot require more labor than 
the size of the workforce unless additional activities 
are added to allow additional labor to be hired. Con¬ 
straints typically include the resources available, but 
can also include market constraints. For example, if 
the market for hybrid striped bass for the farm is only 
100,000 lb/year, then it is important to specify in the 
model that no more than 100,000 lb of hybrid striped 
bass can be sold in a year. 

For the model to be a LP model, the objective func¬ 
tion and the constraints must be expressed as linear 
equations. These must also be deterministic and not 
contain random elements. The decision variables are 
continuous and non-negative (they must assume posi¬ 
tive values). 

There are certain assumptions that underlie LP. 
These include separability, proportionality, divisibil¬ 
ity, and non-negativity. Separability implies that there 
is no interaction among the decision variables and 
allows the objective function to be written as the 
sum of several functions. For example, a model 
that includes purchases of hatchery-raised and wild 
postlarvae of shrimp is built upon the assumption 
that greater purchases of wild postlarvae do not re¬ 
duce purchases of hatchery-raised shrimp. There are 
special techniques that can be used to relax this 
assumption. 

The proportionality assumption implies that there 
are no economies of scale. If proportionality exists, 
the value of each constraint function is directly pro¬ 
portional to the value of each decision variable. For 
example, as larger quantities of postlarvae are pro¬ 
duced, the unit price remains the same if proportion¬ 
ality exists. Thus, it would not be correct to assume 
that unit prices fall if larger quantities of shrimp post¬ 
larvae are produced. Special techniques have been 
developed to introduce economies of scale in LP 
models. 

Divisibility allows for resources and decision vari¬ 
ables to be used in fractional quantities. Techniques 
(integer programming) have been developed for deci¬ 
sion variables that require integer values. For example, 
a farmer cannot stock 0.3 ponds; when he or she stocks 
fish into a pond, the entire pond is stocked. 

Non-negativity assumptions require that all decision 
variables are either zero or positive. Decision variables 
and resource constraints are finite in LP models. More¬ 
over, single-valued expectations are used because all 
parameters are known with certainty. 

Data requirements for a mathematical program¬ 
ming model begin with an inventory of the resources 
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available. Potential cropping alternatives must be 
identified. Then, data will be required on the technical 
coefficients of production. These coefficients are 
developed from the resource requirements for each 
unit of enterprise included in the model. Net returns 
are estimated for each cropping alternative or activity. 
Because the equations in a mathematical program¬ 
ming model are inequalities, the maximum quantity of 
each that is available to the farmer must be specified 
and recorded as the right-hand side value (RHS). 

Objective Function 

The objective of a mathematical programming model 
is to either maximize or minimize something. In a farm 
planning model, the objective typically is to maximize 
net returns. The gross margin of each unit is multi¬ 
plied by the number of units selected to include in the 
farm plan. These are summed to calculate the total net 
returns. Each enterprise (shrimp, tilapia fingerlings, 
tilapia foodfish, etc.) must be included as a term in the 
equation for the objective function. 

Table 17.1 presents the tableau for a LP model de¬ 
signed to develop an optimal farm plan for a fish farm 
in Thailand. The farmer wishes to maximize net re¬ 
turns, thus the objective function is to maximize net 
returns. This objective function can be expressed as 
follows: 

Maximize Z = OXi + OX 2 + OX 3 + OX 4 + 3 OX 5 
+ 40X 6 + 30X 7 + 27X 8 (17.1) 

Activities and Decision Variables 

In Table 17.1, the fish farmer is considering raising 
either tilapia or catfish. Tilapia enterprises considered 
are either extensive or intensive polyculture or inten¬ 
sive monoculture. Moreover, tilapia can be sold locally 
at lower prices, in villages at slightly higher prices, or 
at district markets at even higher prices. Thus, the deci¬ 
sion variables are to produce tilapia in either extensive 
or somewhat more intensive polyculture, in intensive 
monoculture, to raise catfish intensively, to sell cat¬ 
fish, or to sell tilapia in either local, village, or district 
markets. Mathematically, the decision variables can be 
expressed as: 

X 1 = tilapia production in extensive poly culture in a 
1 -ha pond 

X 2 = tilapia production in more intensive polyculture 
in a 1 -ha pond 

Xt, = high-intensity tilapia monoculture in a 1 -ha pond 


X 4 = catfish production in monoculture in a 1 -ha pond 
X 5 = tilapia sales in local markets, in kg 
X(, = tilapia sales in village markets, in kg 
Xq = tilapia sales in district markets, in kg 
X 8 = catfish sales, in kg 


Constraints 

There is always a limit to the quantity of resources 
available to the farmer. The value of this limit restricts 
what the farmer can and cannot do and different levels 
of this value can alter the profit-maximizing solution. 
The resource constraints in a LP model are developed 
as technical coefficients that equate to the amount of 
the particular resource needed to produce one unit of 
that enterprise. The equation then consists of the tech¬ 
nical coefficients of the resources required for pro¬ 
duction of that enterprise multiplied by the number of 
ponds selected to be used for production of that en¬ 
terprise. The sum of the quantities of resources used 
for each enterprise must be less than or equal to the 
total amount of that resource available. The total num¬ 
ber available is specified as the RHS value for each 
resource and constitutes the constraint or limit on its 
use. Small programs can be solved by hand, but pro¬ 
grams with large numbers of enterprises or with many 
restrictions require a computer to solve. 

The first row of the tableau is the objective function 
and includes the gross margin coefficients for each ac¬ 
tivity. The following rows represent the resource con¬ 
straints and balance rows. Each column represents a 
decision variable and the values in each row show how 
much of each resource is needed for each unit of the 
activity. Other columns represent sales activities and 
the RHS shows how much of that resource is available. 

In the example provided in Table 17.1, the con¬ 
straints include the availability of ponds, tilapia fry 
and catfish fingerlings, fertilizers (urea, triple super¬ 
phosphate or TSR lime, and animal manure), feed 
(for fry and for growout), labor (for growout and for 
harvesting), pond maintenance, marketing (tilapia lo¬ 
cally or farther and catfish), capital (operating and in¬ 
vestment, and fish production transfer rows). In this 
example, each production activity (extensive tilapia 
polyculture, more intensive tilapia polyculture, high- 
intensity tilapia production, and high-density catfish 
production) would each require at least one pond and 
would be added into the solution in units of a pond. 
For example, the first row in Table 17.1 is the pond 
constraint. 
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Each type of production system is modeled as a 
unit of one pond and all technical coefficient values 
are calculated on a per-pond basis. The numeral 1 for 
each production activity in the pond constraint row 
indicates that if selected in the optimal solution, then 
the corresponding amounts of other resources will be 
entered proportionally. The RHS value of 4 represents 
the four ponds available on the farm. This constraint 
would be expressed mathematically as: 

IX! + 1X 2 + 1X 3 + IX 4 + 0X 5 + 0X 6 

+ OX 7 + 0X 8 < 4 (17.2) 

The next row is the tilapia fry resource. The intensive 
tilapia monoculture activity stocks 25,000 fry per pond 
and up to 100,000 fry (RHS value) are available for the 
entire farm. Similarly, the catfish monoculture activity 
requires 132,400 catfish fingerlings per pond. The next 
rows are the fertilizer resources of urea, TSP, lime, and 
animal manure. The number in each column represents 
the amount of fertilizer or lime needed for each pond 
in each alternative. The next row is the amount of feed 
required and then labor, and maintenance costs. As 
another example of how the constraints are expressed 
mathematically, the constraint of labor required for 
growout would be expressed mathematically as: 

19Xi + 42.75X2 + 294X3 + 5 OX 4 + OX 5 + 0X 6 
+ 0X 7 + 0X 8 < 100,000 (17.3) 

Marketing constraints follow that indicate how many 
pounds of product can be sold in each type of mar¬ 
ket outlet. Operating capital requirements for each al¬ 
ternative and annual investment capital are next. The 
following rows (tilapia production for sale, tilapia pro¬ 
duction for village sales, and tilapia production for dis¬ 
trict sales) are transfer rows to move production of fish 
from production to sales. 

The fish production transfer rows link the produc¬ 
tion activities to the sales activities. For example, the 
tilapia production for village sales constraint would be 
expressed mathematically as: 

OX! - 1,875X 2 + OX 3 + 0X 4 + OX 5 + 1X 6 
+ OX 7 + 0X 8 < 0 

Redundancy in constraints can increase the computing 
time. Redundancy occurs when a decision variable can 
satisfy more than one constraint. In computer models, 
redundancy does not have to be eliminated from the 
problem. 


Right-Hand Side 

The constant terms that appear on the RHS of the 
constraint equations are referred to as the right-hand 
side values or RHS values. These values represent the 
amount of the resource available on the farm. RHS 
values must clearly be non-negative also. 

Solving an LP Model 

In order to solve the inequality constraints in the model, 
the equations must first be converted to equalities. 
Thus, the Equation 17.1 becomes 

IX! + 1X 2 + 1 X 3 + 1 X 4 + 0 X 5 + 0X 6 
+ OX 7 + 0X 8 + Sj = 4 

The si variables are referred to as slack variables. 
For less-than-or-equal-to inequalities, the slack 
variables appear with positive signs and are called 
positive slacks, or surplus variables. Negative slack 
variables are associated with greater-than-or-equal-to 
inequalities. 

Originally developed for the solving of multisectoral 
economy-wide models, the general algebraic model¬ 
ing system (GAMS) (Brooke et al. 1998) was adopted 
as a standard tool by economists who work in ap¬ 
plied optimization. GAMS is a high-level language 
that uses concise algebraic statements easily read by 
both modelers and computers, are easily modified, 
and easily moved from one computer environment 
to another. It contains a series of solvers that use 
various algorithmic methods to approach a wide ar¬ 
ray of problems from linear and nonlinear, mixed 
integer, mixed integer nonlinear, and other types of 
problems. 

Small mathematical programming models can be 
solved with Microsoft Excel. The practical application 
in this chapter presents how to set up and run small 
models in Excel. 

An unbounded solution is one that has an infinite 
boundary, or no upper limit. Without an upper limit, 
the problem cannot be solved; the computer will con¬ 
tinue to increase the number of units to be produced in 
an infinite manner. An unbounded solution indicates 
that the model was not developed properly. Models 
that have severe resource restrictions such that posi¬ 
tive values cannot be found for the decision variables 
are referred to as infeasible. 
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Interpreting the Output 

The printed output includes the value of the objective 
function. Information provided on the rows includes 
status indicators of BS (row not a limiting factor), LL 
(solution lies on lower limit of constraint), or UL (so¬ 
lution lies on upper limit of the constraint). The values 
indicating the quantities selected for the solution and 
the amount of each resource used as well as slack val¬ 
ues are indicated in the printed solution. 

Dual values, including shadow prices and reduced 
costs, are also reported in the output. Shadow prices 
are the amount by which total gross margin would 
be increased if one more unit of that resource were 
available. For enterprises, the shadow price shows 
how much the gross margin would be reduced by 
forcing one unit of an enterprise into the plan. If 
resources are not used completely, the shadow price is 
zero. However, if the resource is used up completely, 
then the shadow price indicates whether additional 
units of that resource should be acquired. The decision 
maker should compare the cost of acquiring another 
unit of resource with the shadow price. If the shadow 
price is higher, its value is greater than its cost and it is 
worthwhile to acquire more. However, if the shadow 
price is less than its cost, then it is not profitable to 
acquire more. 

The reduced costs indicate what the effect on 
gross margins would be by using another unit of an 
enterprise that was not included in the plan. Only 
enterprises that were not included in the optimal plan 
will have a reduced cost other than zero. The output 
also includes the input costs entered for each variable 
that entered the objective. The reduced cost indicates 
the amount by which the input cost would need to 
change for the optimal solution to be positive for that 
variable (reduced cost is zero for values selected for 
the optimal solution). 

Sensitivity Analysis, Thresholds, 

Basis Changes 

The optimal solution, the combination of activities that 
maximizes profits, is known as the basis. The basis 
consists of the set of variables that enter into the opti¬ 
mal solution. Changes in the RHS values or changes 
in the price, cost, or other technical coefficients can 
result in changes in the basis. Sensitivity analyses that 
systematically vary key parameter values will demon¬ 
strate what price or cost levels will result in a change 
in the basis. Thus, the range of values over which the 
basis remains stable is identified. These types of sen¬ 


sitivity analyses are often referred to as parametric 
programming. 

Other Types of Mathematical 
Programming Models 

LP models have been the most commonly used types 
of mathematical programming models. However, there 
are a number of other types of mathematical program¬ 
ming models. Examples include integer, quadratic, 
goal programming, multiperiod, transshipment, and 
risk programming models (E-V, MOTAD, Target MO- 
TAD), among others. 

Integer programming refers to restricting certain pa¬ 
rameter values to integer values as opposed to the con¬ 
tinuous values that are a requirement of LP models. A 
goal programming model specifies an objective func¬ 
tion as a target or goal instead of either maximizing 
or minimizing one specific objective. Thus, in goal 
programming, the objective is to minimize deviations 
from a target. 

When parameters are not known with certainty, the 
assumption of single-valued expectations is relaxed 
and risk programming models are developed. Risk 
modeling in economics is based on the assumption that 
the probability distributions of the risky parameters are 
known with certainty. The risk model, then, represents 
the decision-maker’s response to parameter risk (Mc- 
Carl and Spreen 1997). The optimal plan developed 
may not necessarily be the best for each possible type 
of event, but is intended to establish a position that is 
robust across the entire set or distribution of parameter 
values. 

One of the first types of risk programming models, 
the mean-variance, or E-V model was first developed 
by Markowitz (1959) to identify an optimal invest¬ 
ment strategy for a portfolio. The variables indicate 
the amount of funds invested in each alternative in¬ 
vestment option. Each is constrained by a total funds 
constraint, or the total amount of investment capital 
available. One assumption behind this approach is that 
investors do not place all their funds in the highest 
yield option; thus, a LP model would not be appropri¬ 
ate because linear models would put all the funds in 
the option that generates the highest yields. 

In an E-V model, a risk aversion coefficient is 
multiplied by the variance of total income and 
subtracted from the expected income. The E-V model 
is based on the assumption that decision-makers trade 
expected income for lower levels of risk (reduced 
variance). The model can be solved for varying 
levels of risk aversion parameters. Each new solution 
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reduces the variance of total returns, lowering risk, 
but also reducing net returns. 

The E-V model is a quadratic programming problem 
that is more difficult to solve than a linear program. 
Software programs are available to solve it, but data 
requirements can still be difficult. 

The difficulties involved in developing quadratic 
programming models led to the development of linear 
approximations to the E-V problem. The minimization 
of total absolute deviations, or MOTAD, model defines 
various states of nature related to the deviation from 
mean income. The model then characterizes the trade¬ 
offs between the expected income and the absolute 
deviation of income. 

Roy (1952) introduced an approach referred to as 
a safety-first model. This approach assumes that de¬ 
cision markers will first select plans to assure a given 
safety level for income, typically set as a level of in¬ 
come that will cover production costs. Low levels of 
safety (high risk) correspond to the profit-maximizing 
LP solution. However, as the safety level increases, 
risk decreases, but the expected returns also decrease. 

Tauer (1983) extended the safety-first model by al¬ 
lowing negative deviations from the safety level. A tar¬ 
get income level is set and variables are included that 
indicate negative deviations from income. The maxi¬ 
mum average income shortfall is set at the safety level. 

In a Target MOTAD model, allowing for large devia¬ 
tions results in a profit-maximizing LP solution. How¬ 
ever, as the allowable deviation is reduced, solutions 
are diversified. Thus, risk reductions are accompanied 
by larger deviations. 

Sequences of decisions can be modeled as optimiza¬ 
tion problems with dynamic programming. Dynamic 
programming methods were developed by Bellman 
(1957) and Bellman and Dreyfus (1962). Dynamic 
programming models trace an optimal path from an 
initial state to another state. In dynamic programming, 
states are defined that indicate a particular point or 
configuration. Stages are the transitions from one state 
to another. Policies are the sets of actions that equate 
to a particular objective. 

To solve dynamic programming models, recurrence 
relations are constructed that relate the various states. 
The recurrence relations are then used to calculate an 
optimal policy. 

RECORD-KEEPING 

Many of the types of records needed to develop a 
whole-farm model are those required also for enter¬ 
prise budgets. A whole-farm model begins with a com¬ 


plete inventory of resources available to the farm, from 
land to types of ponds and facilities. 

Information on the various alternative types of pro¬ 
duction options then must be collected. Keeping this 
information on hand over time provides a basis for 
future consideration. Data over time of prices of the 
products under consideration is used to project price 
trends and to identify any correlations that can be taken 
advantage of to reduce risk by diversifying production. 

PRACTICAL APPLICATION 

Table 17.2 illustrates the tableau for the 256-acre cat¬ 
fish farm whose owner is considering adding a hybrid 
striped bass enterprise to the farm. This example prob¬ 
lem will be solved using the Excel solver program and 
Figure 17.2 illustrates how to lay out the tableau to be 
solved with the Excel solver. 

The objective function is to maximize profits for 
the farm. The decision variables included production 
of catfish for growout or fingerlings or growout of 
hybrid striped bass for foodfish. Other decision vari¬ 
ables included the possibility to purchase fingerlings or 
to grow fingerlings on farm. The constraints included 
a pond constraint and the necessary transfer rows to 
transfer fingerlings from either the fingerling purchase 
activity or the on-farm fingerling production activity 
to the growout activity, and to transfer hybrid striped 
bass produced from the hybrid striped bass production 
activity to the hybrid striped bass sales activity. 

The first line in the Excel solver version of the 
tableau contains Os. The first line is the one that Excel 
will change to find the solution that will indicate the 
number of ponds (production activities) or pounds of 
fish to be sold (sales activities) assigned to each de¬ 
cision variable in the optimal solution. The next row 
is the pond constraint. Each pond production variable 
(catfish foodfish growout, catfish fingerling produc¬ 
tion, or hybrid striped bass growout) is based on a 
unit of one 10-acre pond. Thus, a “1” is entered in 
the pond constraint row for each of these activities. 
The fingerling transfer row shows the number of cat¬ 
fish fingerlings needed for one 10-acre catfish pond 
(56,900). In the column of the on-farm fingerling pro¬ 
duction activity, the number of fingerlings produced 
in one 10-acre pond is recorded (—93,665). The pos¬ 
sibility to purchase fingerlings is recorded as — 1. The 
foodfish transfer row shows the number of pounds 
of catfish foodfish produced in one 10-acre pond 
(—45,000). The foodfish are transferred to the catfish 
sales activity with the one in the sell catfish column. 
The hybrid striped bass foodfish transfer row transfers 
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Table 17.2. Tableau for 256-acre Catfish Farm. 



Grow 

catfish 

from 5” 
fingerlings 

On-farm 

fingerling 

production 

Buy 

fingerlings 

Grow 

HSB 

Sell 

catfish 

Sell 

HSB 



RHS 

Number of ponds 

0 

0 

0 

0 

0 

0 




to use 

Ponds 

1 

1 

0 

1 

0 

0 

0 

LE 

25 

Fingerling transfer 

56,900 

-93,665 

-1 

0 

0 

0 

0 

LE 

0 

Foodfish transfer 

-45,000 

0 

0 

0 

1 

0 

0 

LE 

0 

HSB foodfish 

0 

0 

0 

-45,000 

0 

1 

0 

LE 

0 

transfer 

Marketing 

0 

0 

0 

0 

0 

1 

0 

LE 

100,000 

constraints 

Objective function 

-22,943 

-16,192 

-0.07 

-46,307 

0.7 

1.50 

0 




RHS, right-hand side value; HSB, hybrid striped bass. 


the —45,000 lb of hybrid striped bass foodfish from the 
hybrid striped bass production to sell hybrid striped 
bass sales (1). Finally, the marketing constraint for hy¬ 
brid striped bass limits the amount of hybrid striped 
bass foodfish to the size of the market for the product, 
with a “ 1 ” in that row. 

The RHS values indicate the amount of each re¬ 
source available. For the pond constraint, there are 25 
10-acre ponds on the farm. The marketing constraint 
for hybrid striped bass is 100,000 lb. The objective 
function indicates both costs associated with each de¬ 
cision variable and the revenue to be obtained from 
each activity. The production costs for catfish food¬ 
fish production are approximately —$22,943 for each 
10-acre pond. One 10-acre pond in catfish fingerling 
production costs —$16,192 per pond. Each fingerling 
purchased costs —$0.07 while one 10-acre pond of 
hybrid striped bass foodfish costs —$46,307 per pond. 
Each pound of catfish sold generates $0.70 of revenue 
while hybrid striped bass bring $1.50 per pound sold. 

For the solver to function, a separate column is 
needed next to the RHS values. In this column, the 
“sumproduct” function is used to multiply the row of 
cells that will be the values to change to identify the 
optimal amount by each individual row of constraints. 
The sumproduct function must also be used to multi¬ 
ply the row of changing cell values by the values in 
the objective function. 

After setting up the tableau, the solver can be used 
in Excel to find the profit-maximizing combination of 
activities. The solver is available as an add-in func¬ 
tion under the "Data” tab in Excel 2007 and under 


“Tools” on the Excel menu on older versions of Excel. 
Clicking on the solver brings up a dialogue box with 
several smaller boxes to fill in. The first box to fill in is 
the target cell. This is the cell that will record the net 
returns value for the farm that results in the optimal 
solution that shows the combination of activities that 
results from solving the LP model. This is the cell with 
the sumproduct function associated with the objective 
function. The next box asks for the cells that will have 
changing values and that will identify the number of 
each activity to be included. The next step is to identify 
the constraints. The cell with the sumproduct formula 
for each constraint row is indicated as the constraint. 
The symbol for less-than-or-equal-to or greater-than- 
or-equal-to or equal to is selected as appropriate and 
then the cell that contains the RHS value is indicated. 
Before running the model, the options button should 
be selected. In the options dialogue box, the “linear 
model” and “non-negative” boxes should be checked. 
After clicking “OK” to return to the previous dialogue 
box, it is time to click “solve.” Excel will then indi¬ 
cate whether a feasible solution was found. If found, 
various report options can be selected. 

Table 17.3 shows the optimal solution for the catfish- 
hybrid striped bass model. In the base solution, 23 
ponds were put into catfish foodfish production and 
two ponds were put into hybrid striped bass growout 
production. Fingerlings were purchased and the farm 
sold 1,025,000 lb of foodfish catfish and 100,000 lb of 
hybrid striped bass, for a total net returns of $ 144,801. 

The sensitivity report option shows a reduced cost 
of —$13,457 for on-farm fingerling production. This 
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indicates that, if fingerlings had been produced on a 
pond on the farm that gross margins would have been 
reduced by $13,457. Shadow prices were $4,290 for 
ponds and $1.12 for hybrid striped bass sales. This 
means that gross margins would have increased by 
$4,290 if another pond had been available, $1.12 if 
an additional pound of hybrid striped bass could have 
been sold. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Engle and Valderrama (2004) used an economic op¬ 
timization model to evaluate several different prac¬ 
tices that had been recommended as best management 
practices for shrimp farming in Central America. The 
model was used to identify several options that in¬ 
creased farm profits by improving production efficien¬ 
cies while also reducing net quantities of nutrients 
discharged as effluents. The most effective practices 
were to reduce water exchange rates and the use of 
feed trays. These are technologies that can be com¬ 
bined and practiced by a wide array of farm sizes. 

SUMMARY 

This chapter presents methods to develop whole-farm 
planning models. Whole-farm modeling reveals po¬ 
tential conflicts in the use of resources on the farm 
and identifies a pattern of resource use that will max¬ 
imize farm profits. Both whole-farm budgeting and 
mathematical programming can be used. Whole-farm 
budgeting is simpler to use, but each option to be con¬ 
sidered requires a separate whole-farm budget. Mathe¬ 
matical programming, on the other hand, is a very flex¬ 
ible planning tool, but requires a great deal of skill to 
develop. Mathematical programming models include 
linear, goal, risk, and dynamic programming options. 

REVIEW QUESTIONS 

1. Why are whole-farm models of value? 

2. Explain the relative advantages and disadvantages 
of whole-farm budgets and mathematical pro¬ 
gramming models. 

3. Describe the process of developing a whole-farm 
budget. 

4. List the major types of uses of mathematical pro¬ 
gramming models. 


5. What are the specific features that make a mathe¬ 
matical programming model be a LP model? 

6 . Give an aquaculture example of a LP model that 
is unbounded. 

7. Describe the major components of a LP model 
(objective function, decision variables, con¬ 
straints, and RHS values). 

8 . Explain what information is provided by shadow 
prices and reduced costs in the output of a LP 
model. 

9. What are goal and risk programming? Give several 
examples of how LP models can be converted into 
goal or risk programming models. 

10. Describe what dynamic programming can be used 
for and how a dynamic programming model is 
developed. 
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Managing Government Policies and 
Regulation in Aquaculture Businesses 


INTRODUCTION 

Aquaculture worldwide is developing at a rapid pace 
during a time of increased regulatory pressure. The in¬ 
creased focus and attention on aquaculture comes from 
a number of sources, but much of it has stemmed from 
the pressure from environmentalist and public advo¬ 
cacy groups. Many of these groups have targeted aqua¬ 
culture. They see aquaculture emerging as an industry 
across the world and hope to influence its development 
and evolution because they expect aquaculture to play 
an ever-increasing role in the world’s future food sup¬ 
ply. These groups have hired lawyers and other person¬ 
nel who mount well-orchestrated initiatives to pressure 
regulators to develop new policies. 

Increasing numbers of countries have developed 
policies, plans, and regulations related to aquaculture. 
The fisheries and aquaculture sectors have been in¬ 
creasingly integrated into national policy documents. 
New regulations that result from these policies can lead 
to a variety of management changes that add new costs 
for aquaculture businesses. Moreover, the costs of re¬ 
acting to the various types of allegations from public 
advocacy groups are not borne by the public agencies, 
but must be addressed by the businesses that are af¬ 
fected. These types of costs are not normally included 
in typical financial statements. Yet, if the owners and 
managers of aquaculture businesses do not engage in 
the public and regulatory discussions related to the 
development of new regulations, the end result may 
be new laws, ordinances, and regulations that increase 
costs or force farm-level changes that turn the business 
into an unprofitable or infeasible one. 
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The issues involved rarely are resolved permanently. 
While new issues may emerge as time goes on, many 
surface into prominence for a period of time, then are 
pushed into the background for a while only to resur¬ 
face farther down the road. This chapter discusses these 
issues and their effects on the economics of aquacul¬ 
ture businesses. 

COMPLYING WITH EXISTING 
REGULATIONS 

All businesses must comply with existing regulations. 
These regulations include local ordinances, state and 
federal policies, and, increasingly, international regu¬ 
lations. Compliance with such a variety of permits can 
be costly in terms of the time required, hiring special¬ 
ized personnel, and paying fees. Maintaining the per¬ 
mits entails additional costs to keep up with changes 
in regulations and permitting. 

Local regulations are highly variable and specific to 
the particular area. Most aquaculture businesses were 
constructed originally on farmland. However, as ur¬ 
ban areas expand, more and more aquaculture busi¬ 
nesses find themselves within city limits. As zoning 
ordinances change, and restrictions related to zoning 
emerge, there is potential for conflicts to emerge with 
existing aquaculture farms. Zoning has also become 
relevant to mariculture businesses in coastal and off¬ 
shore waters. Some parts of the world (Spain, United 
States) have experimented with mariculture parks or 
zones that restrict aquaculture activities to that area. 
Canada, Malaysia, Sri Lanka, and Australia have all 
developed zoning programs for aquaculture, primarily 
in coastal and marine areas. 

Table 18.1 lists examples of the variety and preva¬ 
lence of various types of state regulations in the United 
States related to aquaculture. Most states in the United 
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Table 18.1. State Regulations and Permits Required for Aquaculture-Related Activities. 


Category 

Description 

Number of states 

Regulations 

Licensing and permitting for aquaculture 

40 states and territories 


Possession of aquatic animals for aquaculture 

30 states 


Water supply 

26 states and territories 


Non-native species 

22 states and territories 


Discharge control and protection of fish and wildlife 

16 states and territories 


Processing 

15 states 


Leasing of submerged public lands 

13 states 


Discharges (other than federal NPDES permits) 

11 states 


Use of coastal areas 

2 states 


Depuration for shellfish 

2 states 


Inspection 

Arizona 

Permits 


24 states and territories 


Discharges (NPDES) 

44 states and 1 territory 


Tideland use, including dredging 

5 states 


Food quality sanitation and safety 

3 states 


Other permits 

7* 


* Include aquaculture, certification, land use and development, gear or equipment, and disposal of mortalities. 


States (40 states and territories) require some sort of 
permit or license to run an aquaculture business. Of 
these, 30 states and territories have regulations related 
specifically to the possession of aquatic species for 
aquaculture. For processing, 15 states have regulations 
related to processing the products from aquaculture 
and 13 states have regulations related to leasing sub¬ 
merged public lands. A few states have regulations re¬ 
lated to inspection (1), shellfish depuration (2), conser¬ 
vation districts (1), and the use of coastal areas (2). 

Twenty-four states and territories require various 
types of permits for aquaculture businesses (Table 
18.1). Common permits required include food san¬ 
itation, quality, and safety, tideland use (including 
dredging), and discharges. Other less frequently used 
permits are for gear or equipment (1 state), disposal 
of mortalities (2 states), land use and development 
(1 state and 1 territory), animal damage permits (2 
states), food quality sanitation and safety (3 states), 
shellfish certification guidelines (1 state), and an 
aquaculture permit (1 state). 

There are a variety of federal regulations that 
aquaculture business owners must comply with (Ta¬ 
ble 18.2). The primary agencies involved with federal 
permits for aquaculture include U.S. Army Corps of 
Engineers, U.S. Department of Commerce, and the 
U.S. Fish and Wildlife Service. The U.S. Army Corps 


of Engineers (USACE) regulates the construction of 
dams and levees in dredged and filled sites through 
Section 404 permits. The USACE is authorized to is¬ 
sue these permits under the Federal Water Pollution 
Control Act of 1972, as amended by the Clean Wa¬ 
ter Act of 1977, and Water Quality Act of 1987. The 
Federal Coastal Management Zone Act of 1972 reg¬ 
ulates proposed federal activities that affect a state’s 
coastal zone. Section 10 of the Rivers and Harbor Act 
of 1989 regulates the creation of obstructions not au¬ 
thorized by Congress to navigable waterways of the 
United States. The Federal Sanitation Standards for 
Fish Plants of the Department of Commerce provides 
for inspection of processing plants and facilities and 
grades aquaculture products for quality assurance. The 
U.S. Fish and Wildlife Service regulates activities that 
might affect endangered or threatened species or their 
habitat through the Endangered Species Act of 1983. 
The Lacey Act amendments of 1981 are also enforced 
by the U.S. Fish and Wildlife Service. Under the Lacey 
Act, it is unlawful to import, sell, acquire, or purchase 
fish, wildlife, or plants taken, possessed, transported or 
sold in violation of U.S. or Indian law or in interstate or 
foreign commerce. The Migratory Bird Act (enforced 
by the U.S. Fish and Wildlife Service) regulates the 
use of lethal control methods on migratory birds that 
cause aquaculture crop losses. 
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Table 18.2. Federal Regulations Related to Aquaculture. 


Category 

Specific title of regulatory authority 

Agency 

Construction of dams and levees 

Section 404 of the Federal Water 

U.S. Army Corps of Engineers 

for dredged and filled sites 

Pollution Control Act of 1972, 


Use of coastal zones 

amended by Clean Water Act of 1977, 
and Water Quality Act of 1987 

Federal Coastal Zone Management Act 


Use of navigable waters 

of 1972 

Section 10 of the Rivers and Harbors Act 


Processing plants and grading 

of 1989 

Federal Standard Sanitation 

U.S. Department of Commerce 

standards 

Activity that might affect 

Standards for Fish Plants 

Endangered Species Act of 1973 

U.S. Fish and Wildlife Service 

endangered or threatened 
species or their habitat 

Interstate transportation of fish 

Lacey Act Amendments of 1981 

U.S. Fish and Wildlife Service 

and wildlife 

Bird depredation 

Migratory Bird Treaty Act 

U.S. Fish and Wildlife Service 


INFLUENCING THE OUTCOMES OF 
REGULATORY PROCESSES 

Aquaculture has grown to a size that has attracted 
the attention of numerous nongovernmental organi¬ 
zations and regulatory bodies. Yet, many individuals 
in many countries including the United States have lit¬ 
tle knowledge or understanding of aquaculture. This is 
particularly problematic when aquaculture is such a di¬ 
verse industry, producing nearly 500 different species 
of plants and animals in a wide array of different pro¬ 
duction systems (FAO 2000-2008). The likelihood of 
the individuals who develop new rules and regulations 
having some background or experience in aquacul¬ 
ture is very low. Regulators often are faced with high 
workloads, stringent deadlines, and have little time to 
research and study the industries that they are charged 
with regulating. At the same time, most regulatory au¬ 
thorities are charged to base their rule making on the 
best available science. How are regulators to find, un¬ 
derstand, and integrate the best available science for 
every industry for which they are expected to develop 
new rules? 

The only answer to this question is that it is in the 
best interest of the aquaculture industry to position 
itself to be the primary source of information for reg¬ 
ulators, the media, and the public. Individual farmers 
frequently do not have the time to mount public re¬ 
lations campaigns on their own, much less to provide 
the level of detailed information that is needed by reg¬ 


ulators. However, they can join and participate in the 
trade association that is most closely associated with 
their products. 

Producer associations have played an increasingly 
important role in aquaculture development and regula¬ 
tion. These producer groups can be small, village-level 
groups, or international organizations. Participation in 
a trade association such as those listed in Table 18.3 is 
necessary for several reasons. Trade associations can 
have a major influence on regulatory decisions by in¬ 
sisting that there be an adequate scientific basis for the 
rule, that the rules developed be reasonable, rational, 
and not overly burdensome financially. Information 
presented by trade associations can counterbalance the 
negative media reports that pressure regulatory agen¬ 
cies to adopt new regulations for aquaculture. 

The power and influence of a trade association is di¬ 
rectly related to the size of its membership. The more 
stakeholders that an association represents, the more 
influence it has with which to negotiate. If an associa¬ 
tion has a sufficient dues-paying membership, it may 
be able to afford to hire lobbyists, pay travel expenses 
to have representatives at crucial meetings in different 
locations, and participate in key workshops and events. 

Active involvement in a trade association entails 
costs associated with dues and attendance at associa¬ 
tion meetings. These constitute business costs in an era 
of increasing regulation. As a member of an associa¬ 
tion, one is in the position of serving as representative 
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Table 18.3. Examples of Aquaculture Trade 
Associations. 

Type of trade 

association Name of trade association 

International Global Aquaculture Alliance 

World Tilapia Association 

Regional Federation of European 

Aquaculture Producers 

National Aquaculture Association of 

Canada 

Arkansas Bait and Ornamental 
Fish Growers Association 

Association of Chilean Salmon 
Farmers 

Catfish Farmers of America 
(U.S.) 

Finnish Fish Farms Association 

Icelandic Fish Farmers and Sea 
Ranchers 

Irish Aquaculture Association 

National Aquaculture Association 
(U.S.) 

Norwegian Fish Farmers 
Association 

Striped Bass Growers Association 

U.S. Trout Farmers of America 
(U.S.) 

Provincial/State British Columbia Salmon 
Farmers Association 


on various task forces and working groups that provide 
input to various rule-making efforts. 

Every rule-making effort in the United States in¬ 
volves different periods of public comments. Both in¬ 
dividuals and associations have opportunities to submit 
comments during these official periods. Coordinating 
key messages with trade associations is most effective. 

In addition to participating in trade associations, in¬ 
dividual businessmen can engage in the rule-making 
effort through the political process. Politics is the sys¬ 
tem within which a democratic society “converses” 
about its priorities, choices, and makes decisions. 
Elected officials must be kept informed of the conse¬ 
quences to their constituents of various policies under 
consideration. However, to have credibility, it is crit¬ 
ical that any input or information provided to elected 
officials be well researched, credible, and defensible. 

The first step is to get to know the appropriate elected 
officials. Inviting members of the political delegation 


to visit farms, contributing to campaigns, and attending 
fund-raisers are all ways of developing a relationship 
that provides a path of communication to ensure that 
one’s elected officials have the best possible and most 
accurate information on the aquaculture industry. 

EXAMPLE OF BENEFITS OF 
ENGAGING IN THE REGULATORY 
PROCESS: THE ENVIRONMENTAL 
PROTECTION AGENCY EFFLUENTS 
RULE OF 2004 

On June 30, 2004, the Administrator of the Environ¬ 
mental Protection Agency (EPA) of the United States 
signed the final rule for aquaculture. This signature 
followed a 3-year rule-making period that was unique 
in several respects. Firstly, it was the final rule devel¬ 
oped under a court-ordered consent decree, and it was 
developed with the engagement of a National Task 
Force that not only included both EPA officials and 
staff but also representatives of various sectors of the 
aquaculture industry as well as university and agency 
scientists (Westers, 2000). 

The backdrop to this rule included an initial 
evaluation of aquaculture by EPA in the early 1970s 
(Whitman et al. 2002). At that time, EPA did not 
propose any regulations because the emphasis at 
that time was directed toward sectors that discharged 
effluents that contained toxic metals and organics. 
In 1973, EPA proposed and implemented National 
Pollutant Discharge Elimination System (NPDES) 
permit application rules for aquaculture. The NPDES 
permits are required for farmers that discharge at least 
30 days/year (warmwater farms) or that produce less 
than 100,000 lb/year. For coldwater species, permits 
are required for farms that discharge more than 
30 days/year and produce more than 20,000 lb/year. 

The Clean Water Act provides for development of 
effluent limitation guidelines for point sources of pol¬ 
lution. In 1992, following a lawsuit by the Natural 
Resources Defense Council, a Consent Decree was 
signed by the court. The Consent Decree required the 
EPA to set a timetable for the development of effluent 
limitation guidelines for designated industries. In the 
original list of industries. Rule #12 was the industrial 
container cleaning industry. In late 1999, EPA asked 
the court to substitute aquaculture for the industrial 
container cleaning industry. The reasons given by EPA 
were: (1) the only relevant guidance was more than 
20 years old; (2) the aquaculture industry had changed 
in terms of the species raised and the industrial 
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processes employed; and (3) that states had identi¬ 
fied aquaculture as a common cause of water quality 
impairment on the 305b and 303b lists. 

Scrutiny of the 305b and 303d lists by aquacul¬ 
ture scientists raised a number of questions. For exam¬ 
ple, substances such as mercury, arsenic, pesticides, 
and metals were listed as the cause of impairment 
from aquaculture in Louisiana, California, and Ohio. 
Such substances are not used in aquaculture produc¬ 
tion. Moreover, a number of pesticides will kill fish, 
crustaceans, and other aquatic organisms and are not 
used on aquaculture farms. Moreover, a number of 
the major aquaculture-producing states were absent 
from the list all together. If aquaculture were a major 
source of impairment, the greatest impacts would be 
expected to be visible in the major production states. 
A follow-up survey by the North Carolina Department 
of Agriculture showed that the 305b and 303d lists 
provided by the states were compiled by listing all 
types of industries present in the watershed, without 
indication of which industry was responsible for the 
contamination. Moreover, the survey documented that 
states considered existing regulations adequate to han¬ 
dle any effluent problems associated with aquaculture. 

A National Aquaculture Effluents Task Force was 
formed by the Joint Subcommittee on Aquaculture to 
support a nationally coordinated, systematic process to 
identify and report the best available and appropriate 
science and data related to discharges from aquacul¬ 
ture. The task force included representatives from var¬ 
ious aquaculture trade associations. The involvement 
of the more than 180 industry representatives and sci¬ 
entists provided a thorough sounding board for EPA on 
a wide variety of technological alternatives that were 
discussed by EPA. 

The EPA process for effluent limitation guidelines is 
based on establishing mandatory production processes 
for treating effluent discharges (Environmental Pro¬ 
tection Agency 2006). Essentially, EPA searches for 
technological alternatives that reduce the levels of dis¬ 
charge without causing an excessive number of busi¬ 
nesses to cease operations. EPA staff members have no 
training in aquaculture. They typically work through 
contractors who carry out the analyses required, but the 
contractors frequently do not have direct experience in 
the businesses under consideration. Moreover, the spe¬ 
cific analyses prescribed for agency use may not cover 
some of the more relevant impacts and consequences 
of the rule. 

As an example of the work done by the Task Force, 
Engle et al. (2005) showed that the three effluent treat¬ 


ment options under consideration (each option referred 
to a set of treatment options) would all cause small and 
medium-sized trout farms to go out of business. The 
analysis also showed that, while large farms would still 
have positive net returns under the options proposed, 
their option would cause the probability of being prof¬ 
itable to fall from 84% without any additional treat¬ 
ments to 10-11%, depending on the options selected. 
Moreover, the mathematical programming model de¬ 
veloped demonstrated a high level of sensitivity to 
increased requirements for operating and investment 
capital. No additional effluent treatments were fea¬ 
sible for the options proposed, due to the additional 
investment capital required. The models showed that 
imposing new effluent treatment options forced farms 
to take raceways out of production to put them into ef¬ 
fluent treatment. This was due to the investment capital 
required, limited access to capital by many trout farm¬ 
ers, and competing uses for land in trout farming areas 
that have driven land prices in these areas upward. 

Emerging Policy and Regulatory 
Issues 

There are a number of policy and regulatory issues that 
are emerging but are not yet well developed enough to 
be able to estimate the economic and financial costs 
involved. The following descriptions will present an 
overview of economic and financial considerations re¬ 
lated to emerging policies related to trade, biosecurity, 
certification, aquatic nuisance species (ANS), and food 
safety issues. 

TRADE ISSUES 

Increasing globalization has had dramatic effects on 
aquaculture worldwide. The total volume of seafood 
traded worldwide was 108 million metric tons in 
2005. A high percentage of the most frequently traded 
seafood products, such as salmon and shrimp, is from 
aquaculture. 

The increase in trade volume has been accompanied 
by an increase in trade conflicts. The trade conflicts 
have resulted in a number of antidumping accusations 
and lawsuits. The World Trade Organization provides 
for antidumping suits to protect against sales of prod¬ 
ucts at unfairly low prices. All countries have some 
sorts of tariffs that have been imposed on some other 
country. Many include agricultural products and most 
include some type of tariffs or regulations related to 
imported fish and fish products (World Trade Organi¬ 
zation 2008). 
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Table 18.4. Examples of Trade Disputes in Aquaculture. 


Species 


Country 



Petition initiated 

Against 

Date 

Salmon 

United States 

Norway 

1988 


United States 

Chile 

1997 


European Union 

Norway 

1999 

Swimming crab 

United States 

Venezuela, Thailand, Indonesia, 
Mexico 

2000 

Crawfish 

United States 

China 

1994 

Basa/tra 

United States 

Vietnam 

2002 

Mussels 

United States 

Canada 

2001 

Shrimp 

United States (shrimp fishermen) 

Ecuador, Brazil, India, Thailand, 
China, Vietnam 

2003 


Many trade conflicts have involved salmon, partic¬ 
ularly as the farm-raised salmon industry has grown 
worldwide (Table 18.4). Some of the earliest conflicts 
were between the United States and Norway in the 
1980s. These were followed by conflicts between the 
United States and Chile in 1997, and the European 
Union and Norway in the early 1990s. Blue crab im¬ 
ports into the United States from Venezuela, Thai¬ 
land, Indonesia, and Mexico were disputed in 2000. 
Increased imports of crawfish into the United States 
from China in 1994 prompted an antidumping petition 
and subsequent countervailing tariffs. 

The most recent trade conflicts in aquaculture have 
involved the U.S. catfish industry and imports of 
basa/tra (Pangasius sp.) from Vietnam. The U.S. cat¬ 
fish industry filed an antidumping petition in 2002 and 
antidumping tariffs were imposed on Vietnam in 2003. 
After falling in 2002-2003, exports of basa/tra have in¬ 
creased again, although at a slower rate than their ex¬ 
ports to other countries. The import data reflect growth 
in the number of countries exporting basa/tra to the 
United States. Whether this reflects production from 
those countries or transshipment (sales through a third 
country to avoid countervailing tariffs) is unknown. 

The United States and Canada have experienced 
trade conflicts over mussels imported into the United 
States from Prince Edward Island. In 2003, an an¬ 
tidumping petition was filed by shrimp fishermen 
and processors against shrimp growers from Ecuador, 
Brazil. India, Thailand, China, and Vietnam. 

Trade conflicts, particularly antidumping petitions, 
involve substantial sums of capital. The legal fees in¬ 
volved in filing these petitions often amount to mil¬ 


lions of U.S. dollars. Many aquaculture industries are 
too small to be able to afford such expensive litiga¬ 
tion. Some antidumping petitions have been filed by 
processors rather than growers and some of the costs 
involved have been paid by trade associations. Regard¬ 
less of the source of capital, the costs become substan¬ 
tial and eventually, in one form or another, add cost to 
the farms and production units. 

Biosecurity, as related to fish and other aquatic ani¬ 
mals has been an issue of growing concern and inter¬ 
est. Increased globalization and trade have increased 
the potential to spread aquatic pathogens across the 
globe. Transmission of pathogens (such as whirling 
disease of trout and infectious salmon anemia virus 
of coldwater fish species) has been monitored and, in 
some cases, regulated, since the 1960s. However, less 
attention has been paid to the transmission of warm 
water fish pathogens, until recent years. 

The Office International des Epizooties (OIE) 
(World Organization for Animal Health) regulates the 
spread of pathogens worldwide. The OIE Aquatic 
Code was first developed in 1995. The OIE requires 
that fish health inspections be done for the interstate 
transport of live fish and maintains a list of pathogens 
for which aquatic animals must be inspected. The 
health certificates issued must indicate the absence of 
these pathogens. 

Recent outbreaks such as that of spring viremia of 
carp in the United States (2002) and, of viral hem¬ 
orrhagic septicemia (VHS) in the Great Lakes and in 
Europe in more recent years have heightened aware¬ 
ness of aquatic biosecurity issues in the United States. 
The United States Department of Agriculture-Animal 
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Plant and Health Inspection Service (USDA-APHIS) 
is the regulatory authority responsible for control and 
surveillance of aquatic pathogens. With the VHS out¬ 
break in the Great Lakes, USDA-APHIS is the regula¬ 
tory authority responsible for control and surveillance 
of aquatic pathogens. With the VHS outbreak in the 
Great Lakes, USDA-APHIS first issued an Emergency 
Order and then an Interim Rule related to transporta¬ 
tion of live fish. The rules prohibited the shipment of 
VHS-susceptible species of live fish from states where 
VHS had been detected, unless the fish had been in¬ 
spected and found to be free of VHS. This rule contin¬ 
ues to evolve over time. 

To comply with this rule, farmers and live fish dis¬ 
tributors must have fish inspected. There are provisions 
for both farm-level (requires a two-year history) and 
lot inspections (every shipment must be tested). The to¬ 
tal annual expense to the farm business is much higher 
for lot inspections due to the much higher total number 
of inspections to be done. The cost of inspections in¬ 
cludes fees to veterinarians to collect the samples and 
the costs for the diagnostic laboratories to conduct the 
analyses. The costs and logistics of complying with 
inspections must be included in planning, monitoring, 
and financial analysis of the farm business. 

In addition to the USDA-APHIS federal regulation, 
individual states in the United States have adopted 
additional regulations to prevent the introduction of 
VHS into their states. These regulations vary consid¬ 
erably from state to state in terms of the species of 
fish to be tested, the numbers to be tested, the fre¬ 
quency of inspections, and the pathogens to be tested 
for. Aquaculture business owners who ship live fish 
in the United States must familiarize themselves with 
these regulations and position themselves to have im¬ 
mediate access to changes in these regulations. 

Some segments of aquaculture have developed cer¬ 
tification programs as a means to avoid delays that may 
occur due to changing regulations pertaining to biose¬ 
curity and the interstate shipment of live fish. One 
such example is the Arkansas Baitfish Certification 
Program. To be certified under this program the farm 
must have a two-year history of testing that shows the 
farm is free of the diseases identified in the program 
(spring viremia of carp, infectious pancreatic necro¬ 
sis, and viral hemorrhagic septicemia, among others). 
Each farm is sampled twice a year by a licensed veteri¬ 
narian and samples tested for a variety of pathogens by 
an APHIS-approved laboratory. Certificates are issued 
by the Arkansas State Department of Agriculture-State 
Plant Board on paper that cannot be copied. Inspectors 


of the State Plant Board inspect each farm in the certi¬ 
fication program twice a year to check for the presence 
of Aquatic Nuisance Species (ANS ) that are prohibited 
in the program (zebra mussels, bighead carp, and silver 
carp, among others). The program includes a fee paid 
to the Arkansas Department of Agriculture in addition 
to the veterinarian and laboratory testing fees. 

Certification 

There has been a dramatic increase in the number of 
certification programs for aquaculture in the last sev¬ 
eral years. The impetus for these programs stems pri¬ 
marily from concern on the part of major retailers 
like Wal-Mart, Tesco, and Carrefour to maintain or 
improve their reputation, competitiveness, and market 
share, in reaction to consumer concerns and to reduce 
risk of recalls, regulatory action, and poor quality. Re¬ 
calls result in significant losses in terms of sales and 
in damages to a company’s reputation. Lawsuits by 
environmentalist groups have resulted in an increase 
in use of certification programs by large retailers to 
demonstrate their commitment to environmental sus¬ 
tainability. 

Growing reports of adulterations in seafood prod¬ 
ucts from China and Vietnam (antibiotics, fungicides, 
and melamine) have raised issues for congressional 
and the Food and Drug Administration (FDA) action 
in the United States. The end result is likely to be 
increasing federal inspection and regulation. 

Certification programs have been developed as a 
proactive response to these situations. Certification 
programs have focused on some of the key issues 
such as Hazard Analysis and Critical Control Point 
(HACCP), food and feed safety, food security, qual¬ 
ity, environmental impact and sustainability, traceabil¬ 
ity, inspection, auditing, third-party verification, and 
certification by the Global Aquaculture Association 
(GAA), the World Wildlife Federation (WWF), Euro- 
Retailer Produce Working Group, the Irish Quality 
Eco-Mussel Standard, and others. Each program is 
designed differently. For this reason, the Food and 
Agriculture Organization of the United Nations (FAO) 
has initiated a process to develop standards for certi¬ 
fication programs. Some, like the Irish Quality Eco- 
Mussel Standard is a single-species standard while 
the GAA/ACC is for multiple species. Most certifi¬ 
cation programs rely upon some type of third-party 
certification. Companies such as the Aquaculture Cer¬ 
tification Council (used by GAA), SureFish, Inc. of 
Seattle, Washington, and others have been developed 



226 


Research Techniques to Analyze Farm-Level Decision-Making 


to provide this service. EUREPGAP began in 1997 
by the Euro-Retailer Produce Working Group, driven 
mostly by British retailers. EUREPGAP evolved into 
GLOBALGAP in 2007 in response to the growing 
interest from producers and retailers worldwide. The 
GAA/ACC program includes a variety of components 
that range from food safety, sanitation, good manu¬ 
facturing practices, environmental sustainability, ef¬ 
fluents, community involvement, and traceability. 

All certification programs entail cost to the pro¬ 
ducer, although the amount of the cost varies. What 
is not clear is to what extent this cost can be passed 
through to the consumer. There is no clear research 
that indicates that consumers generally are willing to 
pay higher prices for product that has been certified as 
environmentally sustainable. There are what appear to 
be small segments of consumers who will pay more 
but as of 2008, it does not appear to be a substantial 
consumer segment. 

It is difficult to judge the point at which it is worth 
the cost to enter a certification program. Depending on 
the specific nature of the program, there is a risk to the 
producer in addition to the cost. The risk consists of the 
probability that a disease, ANS, or other problem may 
be found during a routine inspection. This risk needs to 
be weighed against potential advantages. If a primary 
sales customer begins to require participation in a cer¬ 
tification program, a farmer or processor may have no 
choice. In other situations, it may be possible to turn 
the certification program to a marketing advantage. 
These trade-offs, particularly whether there is a way to 
use certification to expand into new markets or to de¬ 
velop a competitive edge over competitors in existing 
markets must be weighed against the costs and risks. 

Exotic and non-native species have become a ma¬ 
jor issue affecting aquaculture. The concern is that 
non-native species will out-compete native species that 
will result in a priceless loss of biodiversity through 
homogenization. Once a species is lost, that loss is for¬ 
ever. In the United States, there are an estimated 185 
non-native species of which 75 have become estab¬ 
lished. In addition, there are 316 species that are now 
found outside their native ranges. FAO lists 5,612 in¬ 
troduced species records worldwide in the database on 
Introductions of Aquatic Species (FAO 2000-2008). 

Asian carps (primarily bighead and silver carp, but 
black carp and grass carp are included) have become 
a poster child for ANS in 2004. The jumping ability 
of silver carp has attracted much media and other at¬ 
tention. The populations of silver and bighead carp in 
the Mississippi River have expanded dramatically over 


the last decade. Silver and bighead carp were stocked 
in sewage treatment lagoons and waters in the 1970s 
from which escape was possible. EPA-funded research 
in the 1970s on aquaculture systems for wastewater 
treatment, in sewage treatment lagoons, some of which 
were directly connected to the wild. The Third Report 
to the Fish Farmers published by the U.S. Fish and 
Wildlife Service in 1984 stated, “The bighead carp is 
an excellent food animal and highly prized by Asians 
in the United States. It is well suited for culture in 
combinations with other fishes such as the grass carp, 
silver carp, and common carp.” The first escape of a 
grass carp was from a U.S. Fish and Wildlife Service 
research facility. 

Aquatic vegetation problems cost states in the 
United States from $1 to $10 billion each year. Of 
the various methods for controlling aquatic vegetation, 
the use of grass carp is the cheapest alternative, at $45 
to $125/acre as compared to $100 to $11,000/acre for 
mechanical cutting, $500 to $2,400/acre for mechan¬ 
ical pulling, and $1,100 to $26,200/acre for dredging 
and rotovations (Greenfield et al. 2004). 

Bighead carp have been raised for sale to ethnic gro¬ 
cery stores since the 1970s. Bighead carp sales have 
resulted in additional net revenue of $ 180-371/acre for 
catfish farmers. This additional revenue has served to 
diversify production risk as a secondary crop during 
times of low catfish prices and have helped primar¬ 
ily smaller growers, especially small-scale growers, to 
stay in business and recover from adverse market risk. 

Flood control measures have reduced wetland areas 
for migrating birds. Pelicans and double-crested cor¬ 
morants have targeted commercial fishponds for feed¬ 
ing. Flood control efforts have reduced habitat that 
migrating birds traditionally used for resting areas, 
and birds look for alternative areas. While pelicans 
and cormorants damage farms by eating fish, pelicans 
have also spread an exotic trematode to catfish farms. 
Treatment costs of trematodes range from $8.30/acre 
with black carp to $156/acre with copper sulfate, and 
$195/acre with hydrated lime. Without control, costs 
are $363-l,073/acre. 

What do fish farmers do to prevent escapes from 
farms? The majority of levee ponds have been con¬ 
structed on land formerly in production of soybeans, 
and other row crops with no direct connection with 
open waters. The water management systems on fish 
farms also assist to prevent escapes. Fish farmers 
maintain water levels to allow for storage capacity 
for rainwater in ponds. Most farmers already practice 
water conservation to minimize pumping costs due 
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to concerns over groundwater supplies. Proper site 
selection, pond construction, and management assist 
to minimize the chance of escape. 

The regulatory authority over fisheries resources lies 
with the state fish and game agencies. In Arkansas, 
a fish farming permit is required, following inspec¬ 
tion. Arkansas has an approved aquaculture species 
list. The approved list includes those species that can 
be cultivated without additional permits. This “clean 
list” includes species such as catfish, golden shiners, 
largemouth bass, and goldfish. The restricted species 
list provides an additional level of prevention to pre¬ 
vent escapement. Restricted species require a permit 
that details the location of the facility, measures taken 
to eliminate the possibility of escape, and numbers 
and species to be held. Permitted farmers must also 
construct barriers that prevent escape. 

Species not listed on either list are evaluated on 
a case-by-case basis. The burden of proof to show 
adequate prevention of escape lies with the applicant. 
Biologists review the life history of the species under 
consideration. 

Food Safety 

Food safety concerns have continued to grow as new 
worldwide scares are communicated globally through 
the media. In 2008, concerns grew over the use of 
melamine to enhance measurable protein levels in 
products from China. The associated deaths of pets that 
ate feed made from melamine-enhanced ingredients 
and children in China who drank powdered milk laced 
with melamine further enhanced the level of concern. 

In the United States food safety responsibility rests 
with the FDA. In the event of food safety scares, the 
FDA has the authority to shut down sales and process¬ 
ing of aquaculture products to protect the safety of 
food in the supply system. It also has the authority to 
require exporters to test food products shipped to the 
United States. 

The European Food Safety Authority (EFSA) was 
developed in 2002 to provide independent scientific 
advice on food safety. It develops and publishes opin¬ 
ions on the basis of risk assessments of issues per¬ 
taining to food safety and works closely with na¬ 
tional authorities (EFSA 2004). The risk assessments 
are prepared by scientific panels convened in areas 
that include: food additives, substances used in animal 
feeds, plant health and protection, genetically modi¬ 
fied organisms (GMOs), dietetic products, biological 
hazards, contaminants in the food chain, and animal 


welfare. Food safety legislation in the European Union 
addresses animal feeds, animal welfare, contaminants 
and residues, food additives, food supplements, or¬ 
ganic products, and packaging. The EU’s food and 
veterinary office in Dublin is charged with oversee¬ 
ing and monitoring food safety throughout the supply 
chain. 

Relationship With Universities/ 
Scientists/Extension Personnel 

Universities have a wealth of scientific expertise that 
can be valuable when interacting with regulatory agen¬ 
cies during rule-making efforts and when involved in 
regulatory actions. While many university scientists 
are disengaged from the practical problems of indus¬ 
tries, there are scientists who, with some encourage¬ 
ment, may be willing to provide summaries of the 
relevant knowledge base and interpret scientific data 
as it relates to specific regulatory issues. Others may 
be willing to conduct trials that may answer some 
specific questions that provide useful guidance in a 
rule-making effort. 

Land-grant universities, in particular, are charged to 
identify stakeholders and direct research and extension 
resources toward solving their problems. Scientists 
with aquaculture experience and extension aquaculture 
scientists who are skilled at explaining research results 
to industry representatives, trade associations, and reg¬ 
ulatory agency personnel are valuable resources. Many 
industry growers do not realize how much effort some 
university scientists will make on their behalf with 
some encouragement and recognition. 

RECORD-KEEPING 

Record-keeping requirements for managing the aqua¬ 
culture business to ensure compliance with state and 
federal regulations will vary with each type of regula¬ 
tion. However, extension personnel and state and fed¬ 
eral agencies frequently issue guidance and fact sheets 
on the records required to be in compliance with each 
type of regulation. The guidance documents should 
be kept on file and all reports submitted to regulatory 
authorities must be kept on file for future reference. 

PRACTICAL APPLICATION 

The U.S. EPA developed guidelines related to the dis¬ 
charge of effluents from aquaculture facilities. These 
are related only to flow-through, net pen, and recir¬ 
culating aquaculture systems that discharge more than 
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30 days a year. Thus, there is no additional record¬ 
keeping required for the 256-acre catfish farm that has 
been used for the practical application throughout this 
book. 

However, if this farm would consider switching to 
a cage operation in a lake, for example, then the new 
guidelines would become relevant, if the farm expected 
to produce more than 100,000 lb a year. The records 
required for flow-through, net pens, and recirculating 
aquaculture systems begin with records of fish produc¬ 
tion, feed usage, maintenance and repair logs, inspec¬ 
tion logs, and records of employee training programs. 
Any spills of oil or chemicals require that the dates, 
places, and times be recorded, as well as the name of 
any inspectors who arrive to view the site. Additional 
information may be required to meet state guidelines 
that may be more stringent than federal guidelines. 

OTHER APPLICATIONS IN 
AQUACULTURE 

Engle et al. (2005) evaluated the economic feasibil¬ 
ity of various options proposed by the U.S. EPA for 
treating effluents from flow-through trout farms. Sur¬ 
veys were conducted of trout farms in North Carolina 
and Idaho. Budget analyses showed that, without im¬ 
posing additional treatment options, trout farming in 
these two states in the United States was generally 
profitable. The additional treatment options proposed 
caused medium-sized trout farms to become unprof¬ 
itable. While the larger farm sizes analyzed were still 
profitable after imposing additional treatment options, 
the probability of achieving positive net returns de¬ 
creased from 83 to 10.5%. 

The additional treatment options created substan¬ 
tial amounts of financial risk because of the additional 
capital investment that would be required to adopt the 
new treatment options. Limited amounts of capital re¬ 
serves on many trout farms exacerbated the levels of 
risk incurred and prevented the expansion that would 
be necessary to avoid substituting production units for 
treatment units. The overall result was to force trout 
farms to operate at smaller, less efficient scales of 
production. 

SUMMARY 

This chapter discussed the increasing role of regu¬ 
lations in aquaculture. Aquaculture businesses must 
contend with a wide array of different regulations. 
Compliance with regulations entails costs associated 
with sampling, inspection, and verification. Certifica¬ 


tion and inspection programs have been developed for 
purposes of market security and to maintain confidence 
in the product. The inspection process subjects farms 
to the risk of detection and the subsequent economic 
and financial consequences. 

Aquaculture growers must engage in the rule- 
making process to ensure that accurate information 
on the situation and of possible consequences is taken 
into consideration. Participation can be through trade 
associations, submitting comments during comment 
periods, and participation on task forces and panels. 
While there is cost involved, the alternative may be a 
far costlier set of rules. 

Specific regulatory issues are discussed in the chap¬ 
ter beginning with the EPA’s 2004 rule on aquacul¬ 
ture effluents. Trade issues, ANS, biosecurity, and food 
safety are discussed. 

REVIEW QUESTIONS 

1. What types of costs are incurred from new reg¬ 
ulations developed for aquaculture? Give some 
specific examples. 

2. Why is it important for growers to engage in the 
regulatory process? 

3. What types of permits are required for aquaculture 
businesses? 

4. What is the basis and authority to file an antidump¬ 
ing petition? 

5. What has been the impetus for the proliferation of 
certification programs for aquaculture and what 
are their major characteristics? 

6. Give several examples of the types of regulations 
that have affected aquaculture businesses. 

7. What is the role of scientists in the policy debates 
that result in regulatory actions? 

8. Describe several certification programs and dis¬ 
cuss their role in the regulatory environment. 

9. Describe how aquaculture businesses can engage 
in the regulatory process. 

10. Contrast regulatory issues related to environmen¬ 
tal sustainable with those related to food safety. 
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a Margin of Error?” “Designing a Questionnaire;” and 
“More About Telephone Surveys”. 
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www.aquacultureassociation.ca 

Site of the Aquaculture Association of Canada, with 
goals to foster an aquaculture industry in Canada, to 
promote study of aquaculture, to gather and dissem¬ 
inate technical and scientific information, and to en¬ 
courage private industry and government agencies. 

www.aquanic.org/publicat/usda rac/racpubs.htm 

The Regional Aquaculture Center pages are located 
on the AQUANIC site and include a large number of 
extension fact sheets on a wide variety of topics related 
to aquaculture, including marketing and economics 
fact sheets. 

www.aquariumcouncil.org 

Site of the Marine Aquarium Council (MAC), an in¬ 
ternational, not-for-profit organization that brings ma¬ 
rine aquarium animal collectors, exporters, importers 
and retailers together with aquarium keepers, public 
aquariums, conservation organizations, and govern¬ 
ment agencies. 

www.asabe.org 

Site of the American Society of Agricultural and Bi¬ 
ological Engineers, an educational and scientific or¬ 
ganization dedicated to advancement of engineering 
applicable to agricultural, food, and biological sys¬ 
tems. 

www.atsea.org 

Site for the At-sea Processors Association (APA), rep¬ 
resenting U.S.-flag catcher/processor vessels that par¬ 
ticipate in the groundfish fisheries of the Bering Sea. 

wwww.bls.gov/blswage.htm 

Site of the U.S. Bureau of Labor Statistics that pro¬ 
vides databases on wage rates and other labor-related 
issues. 

www.census.gov/epcd/ec97/industry/E311712.htm 

Provides detailed national statistics for the fresh and 
frozen seafood processing industry from the Census, 
including number of firms, employees, payroll, and 
revenue by employment-size of the enterprise. 

www.census.gov/epcd/susb/1999/us/US311712.htm 

Provides statistics of U.S. fresh and frozen seafood 
processing including employment, size of enterprise, 
number of firms, number of plant establishments, num¬ 
ber of paid employees and annual payroll. 


www.census.gov/cir/www/mqclpag2.html 

Provides results from the Survey of Plant Capacity Uti¬ 
lization conducted jointly by the U.S. Census Bureau, 
the Federal Reserve Board (FRB), and the Defense 
Logistics Agency (DLA) and reports on the number 
of days and hours worked, estimated value of produc¬ 
tion at full production capability, and estimated value 
of production achievable under national emergency 
conditions. 

www.cfsan.fda.gov 

Page on the U.S. FDA web site that deals with seafood 
HACCP. It provides an overview of HACCP as it re¬ 
lates specifically to seafood and includes a summary 
of the provisions in the rule and full text of the final 
seafood HACCP rule. 

www.cllie.plus.com/byrd.pdf 

This site includes full text file of the manuscript: 

Collie, D.R., H. Vandenbussche. 2004. Anti¬ 
dumping duties and the Byrd amendment. 

www.commerce.gov 

Official site of the U.S. Department of Commerce, pro¬ 
viding information on the state of the U.S. economy, 
and includes export-related assistance and market in¬ 
formation, export regulations, and summaries of trade 
statistics. 

www.cites.org 

Site of the Convention on International Trade in En¬ 
dangered Species of Wild Fauna and Flora. Includes 
species and trade databases, registers, export quotas, 
reports, contacts, resolutions, and reports of the stand¬ 
ing, animals, plants, and nomenclature committees. 

www.daff.gov/au/fisheries/aquaculture/starting 

Information on starting an aquaculture business, mar¬ 
ket access and trade, legal issues, and an aquaculture 
action agenda, from the Department of Agriculture, 
Fisheries and Forestry, Australia. 

www.efr-central.com/ 

Site for the Efficient Foodservice Response (EFR) 
project, an industry-wide effort to improve efficiencies 
in the foodservice supply chain linking manufacturing 
plants to distribution warehouses to the retail end of 
the foodservice industry. 
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www.efsa.eu.int 

Site of the European Food Safety Authority (EFSA), 
containing the latest opinions and reports of various 
scientific panels. 

www.efsnetwork.com/ 

Site of the EFS Network, Inc. that provides sup¬ 
ply chain solutions for the foodservice industry by 
combining collaborative workflow technology, hosted 
application modules, and robust data management 
services. 

www.eia.doe.gov 

United States Department of Energy web site that pro¬ 
vides databases of energy prices, gas, diesel, and elec¬ 
tric rates. 

www.entrepreneur.com 

Site that contains a market planning checklist, tools 
and services to enhance marketing success, marketing 
tips, business coaches, and business services. 

www.epa.gov/waterscience/guide/aquaculture 

Site of the U.S. Environmental Protection Agency 
guidance related to aquaculture effluents. 

www.ers.usda.gov/Data/ 

The Economic Research Service (ERS) site pro¬ 
vides online databases, spreadsheets, and web files 
on farm income, trade, food prices, food markets, diet 
and health, natural resources, and food consumption 
trends. 

www.eurep.org 

Site of the Euro-Retailer Produce Working Group 
(GAP-EUREP). EUREP is made up of leading Euro¬ 
pean food retailers that publishes production standards 
for commodities entering the retail trade and requires 
third-party verification by an accredited certification 
body is required. 

www.europa.eu.int 

Provides an overview of European Community agen¬ 
cies including the European Food Safety Authority and 
contains the standards, logo, and certification program 
for organic products in the European Union. 

www.europa.eu.int/eur-lex 

Posts all legislative actions and full texts of regula¬ 
tions coded by number, information and notices of the 


European Union, including anti-dumping orders and 
publishes the Official Journal of the European Union. 

www.eurunion.org/legislat/home.htm 

Site of the European Commission’s Flealth and Con¬ 
sumer Protection Directorate General that contains the 
full text of the White Paper on Food Safety describing 
major policy provisions for food safety in the European 
Union. 

www.extension.iastate.edu/Publieations 

Site of the Iowa State Extension that includes infor¬ 
mation on farm machinery costs. 

www.extension.missouri.edu 

Site of the University of Missouri that provides infor¬ 
mation on farm machinery costs. 

www.extension.umn.edu/distribution/business 

management 

Site of the University of Minnesota that includes in¬ 
formation on farm machinery costs. 

www.fao.org 

Site of the Food and Agriculture Organization of the 
United Nations that includes the most current global 
statistics available on aquaculture and fisheries as well 
as articles that summarize trends and summary statis¬ 
tics, and databases such as FISHSTAT+ (A set of 
fishery statistical databases downloadable to personal 
computers together with a data retrieval, graphical, and 
analytical software) and Fishery Data Collection in 
FAOSTAT of WAICEN (World Agricultural Informa¬ 
tion Center). Site includes the FAO Code of Conduct 
for Responsible Fisheries that lays the foundation for 
responsible management of aquaculture and fisheries 
stocks. 

www.fao.org/DOCREP 

Site that presents the codex Alimentarius of FAO, an 
international regulatory framework for fish safety and 
quality, including World Trade Organization ( WTO) 
agreements on the Application of Sanitary and Phy- 
tosanitary Measures (SPS) and the FAO Codex Ali¬ 
mentarius. 

www.fao.org/docrep/003/x7353e/x7353e03.htm 

Site that includes information on the Uruguay Round 
Agreement on Agriculture. 
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www.fao.org/figis 

Site that includes a fact sheet on HACCP. 

www.fao.org/waicent/faoinfo/economic/ESC/esce/ 

cmr/cnirnot 

Site that includes commodity notes, tables of apparent 
consumption, estimated value of fishery production by 
groups of species, trade flow by region, international 
exports by species and year, and the relative impor¬ 
tance of trade in fishery products. 

www.fda.gov 

The U.S. Food and Drug Administration web site that 
includes the mission statement, summaries of what 
FDA regulates, and its history. 

www.feap.info 

Site of the Federation of European Aquaculture Pro¬ 
ducers, an international organization composed of 
the national aquaculture associations of European 
countries. 

www.fedstats.gov 

Provides statistical profiles of States, counties, cities. 
Congressional Districts, and Federal judicial districts; 
comparison of international, national. State, county, 
and local statistics; descriptions of the statistics on 
agriculture, demographics, economics, environment, 
health, natural resources and others. 

www.foodconnex.com 

Site of Foodconnex, an e-commerce platform and soft¬ 
ware hosted by Integrated Management Solutions, a 
leading provider of technology solutions to the Food 
Distribution and Processing Industries. 

www.gaalliance.org 

Site of the Global Aquaculture Alliance (GAA), an in¬ 
ternational non-profit trade association dedicated to 
advancing environmentally responsible aquaculture, 
including the GAA Individual Codes of Practice Food 
Safety, including third-party verification. 

www.globefish.org/presentations/presentations.htm 

Site of Globefish, a publications unit within FAO that 
publishes a wide variety of reports and analyses related 
to fish and seafood markets around the world, includ¬ 
ing global overviews, world market reports by species, 
specific market situation analyses, international trade, 
fishmeal, and trade barriers. 


www.ifdaonline.org/index.html 

Site of the International Foodservice Distributors As¬ 
sociation (IFDA), a trade organization representing 
foodservice distributors throughout the United States, 
Canada, and internationally. 

www.infofish.org 

Site of Infofish, that publishes articles on capture fish¬ 
eries and aquaculture, processing, packaging, storage, 
transport, and marketing; includes announcements of 
upcoming meetings and seafood shows. 

www.iso.org 

Site that summarizes the ISO programs, members, and 
offers copies of a variety of technical summaries and 
brochures of the more than 14,000 International Stan¬ 
dards for business, government and society. 

www.ifremer.fr/cofepeche/referencetexten/text/ 

marche.htm 

Web site of Ifremer (French Research Institute for 
Exploitation of the Sea) that publishes market stud¬ 
ies on pilot projects, pricing, sector studies, socio¬ 
economic studies, and market appraisals in France, 
Europe, Africa, Asia, and Latin America. 

www.macmap.org 

Site of Market Access Map that covers customs tariffs 
(import duties) and other measures applied by import¬ 
ing countries. 

www.members.tripod.eom/Tanganyika 

Site that includes contact information for ornamental 
fish trade companies around Lake Tanganyika, online 
magazines, books, and photos. 

www.montereybayaquarium.org 

Site of the Monterey Bay Aquarium, source of a pocket 
guide for fish consumers that judges how sustainable 
each type of fish is. 

www.money.howstuffworks.com 

Site that discusses how marketing plans work. 

www.morebusiness.com 

Site that includes templates for developing marketing 
plans, sample market plans, and includes software for 
business planning. 
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www.nal.usda/atmic/pubs/srb9303.htm 

Site of the National Agricultural Library (ARS, 
USDA) that posts information under “Seafood Mar¬ 
keting Resources” on aquaculture, trade, databases, 
hearings, legislation, seafood shows, and lists of dis¬ 
tributors, exporters, and importers. 

www.nmfs.noaa.gov/aquaculture.htm 

The National Oceanic and Atmospheric Administra¬ 
tion (NOAA) site provides information on U.S. aqua¬ 
culture, bycatch, grants, international interests, leg¬ 
islation, permits, and recreational fisheries, the De¬ 
partment of Commerce’s aquaculture policy, National 
Aquaculture Act of 1980, NOAA Aquaculture Policy, 
Policy Paper on the Rationale For a New Initiative in 
Marine Aquaculture, Department of Agriculture’s Na¬ 
tional Aquatic Animal Health Plan, the Environmental 
Protection Agency’s final aquaculture effluents rule, 
and a draft Code of Conduct for Responsible Aqua¬ 
culture Development in the U.S. 

www.nmfs.noaa.gov/trade/DOCAQpolicy.htm 

Main front page of the U.S. Department of Commerce 
that outlines the mission and vision statements and 
objectives, for U.S. aquaculture. 

www.ornamentalfish.org 

Site of the Ornamental Aquatic Trade Association 
Worldwide that includes marketing and trade statis¬ 
tics for the ornamental fish trade, including a Code of 
Conduct for businesses, water quality criteria, and a 
customer charter. 

www.ornamental-fish-int.org 

Site of the Ornamental Fish International (OFI) that 
includes a Code of Ethics. 

www.paloalto.com 

Site that contains sample market plans and includes 
tutorials on how to write a marketing plan. 

www.rurdev.usda.gov/rbs/coops/csdir.htm 

Site of the Rural Development Agency of the U.S. 
Department of Agriculture that provides information 
on cooperative programs, data, charts, publications, 
and funding opportunities for research. 

www.salmonfarmers.org 

Site of the British Columbia Salmon Farmers Asso¬ 
ciation, the association that is the voice of British 
Columbia’s farmed salmon industry. 


www.seafoodbusiness.com/archives/02feb/ 

newsJradc 

Site of Seafood Business that provides a summary 
of the out-of-court settlement between Great Eastern 
Mussel Farms of Maine and mussel producers from 
Prince Edward Island, Canada. 

www.srac.org/publieations 

This web site provides downloadable publications on 
a wide variety of aquaculture topics, including en¬ 
terprise budgets for a variety of species and pro¬ 
duction systems, business planning and marketing 
information. 

www.st.nmfs.gov/stl/market news/index.html 

Site of Fishery Market News of the U.S. National Ma¬ 
rine Fisheries Service (NMFS) that reports data on 
shrimp and finfish landings, imports, exports, storage, 
and prices in various fish markets and auctions as well 
as data on fishmeal and fish oil production. 

www.thenaa.org 

Site of the National Aquaculture Association, a U.S. 
producer-based association dedicated to establishment 
of national programs that further the common interest 
of membership. Pages include: environmental steward¬ 
ship, policies and resolutions, current issues, industry 
events. 

www.tns-sofres.eom 

Site of SECODIP, a source of consumer panel survey 
data for France. 

www.trademap.org 

Site that provides trade statistics for international busi¬ 
ness development. 

www.usace.army.mil 

Provides information on policies of the U.S. Army 
Corps of Engineers on policies and permits for work 
done within their area of jurisdiction, including con¬ 
struction in floodplain areas. 

www.uaex.edu/aqfi 

Site of the University of Arkansas at Pine Bluff that 
provides extension information on technical assistance 
to the aquaculture industry, including economic, bi¬ 
ological, and technical information. This is a com¬ 
prehensive web site on U.S. warmwater aquaculture 
for the University of Arkansas at Pine Bluff Aqua¬ 
culture/Fisheries Center, and includes a variety of 
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Excel-based spreadsheets to develop cost estimates, 
project fish growth and sales, and to develop cash flow- 
based management plans. 

www.uaex.edu/OtherAreas 

Site of the University of Arkansas that includes infor¬ 
mation on farm machinery costs. 

www.uecnet.org 

Site for the Uniform Code Council’s (UCC) subsidiary 
UCCnet™, providing tools to synchronize item infor¬ 
mation and the transfer of information in a business- 
to-business environment. 

www.unep-wcmc.org/marine/GMAD 

Site of the United Nations Environment Programme- 
World Conservation Monitoring Centre along with the 
Marine Aquarium Council, including a database on 
2,399 species from 45 representative wholesale ex¬ 
porters and importers. 

www.usda.gov/agency/oce/waob/index.htm 

Site of the World Outlook Board of USDA and serves 
as the focal point for economic intelligence on the 
outlook for U.S. and world agriculture with forecasts of 
supply and demand for major commodities at the world 
level, and for livestock products and refined sugar at 
the U.S. level. 

www.usda.gov/nass/ 

The National Agricultural Statistics Service (NASS) 
site provides statistical information on aquaculture that 
includes, publications, charts and maps, historical data, 
statistical research, and Census of Agriculture. 

www.usda.mannlib.cornell.edu/usda/ 

Contains nearly 300 reports and datasets from the eco¬ 
nomics agencies of the U.S. Department of Agricul¬ 
ture, covering U.S. and international agriculture and 
related topics. Aquaculture falls under Specialty Agri¬ 
culture and Aquaculture Outlook (by ERS), Catfish 
Processing: Dataset (by NASS), Catfish Processing: 
Report (by NASS), Catfish Production (by NASS), 
and Trout Production (by NASS). 


www.uscatflsh.com 

Site of the Catfish Farmers of America (CFA), that pro¬ 
vides information on farmers, processors, feed mills, 
researchers, and suppliers. 

www.usite.gov 

Official site of the International Trade Commission. 
Includes information on antidumping and countervail¬ 
ing duty orders for product group, country, and data, 
daily and weekly reports, and tariff schedules. 

www.ustfa.org 

Site of the U.S. Trout Farmers Association that pro¬ 
vides the Trout Producer Quality Assurance Program. 

www.was.org 

Site of the World Aquaculture Society, an interna¬ 
tional non-profit society founded in 1970 with the 
objective of improving communication and informa¬ 
tion exchange within the diverse global aquaculture 
community. 

www.wisc.edu/uwce/ 

Site of the University of Wisconsin Center for Cooper¬ 
atives (UWCC) website that provides information on 
all aspects of cooperatives including business princi¬ 
ples, organizing cooperatives, cooperative financing, 
cooperative structure, cooperative management, lead¬ 
ership and governance, and related topics for both agri¬ 
cultural and consumer cooperatives. 

www.worldwildlifefund.org 

Site of the World Wildlife fund, the world’s leading 
conservation organization. 

www.wto.org 

Site of the World Trade Organization, the only global 
international organization dealing with the roles of 
trade among nations, including a training package, 
videos, list of members, publications, calendar of 
events, news releases, committee reports, and inter¬ 
national trade statistics. 
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Accounts payable: An expense that has been incurred 
but not yet paid. 

Accounts receivable: Income that has been earned but 
for which no cash payment has been received. 

Acid test ratio: A measure of liquidity that is calcu¬ 
lated from the balance sheet. The targeted minimum 
value is one. It is calculated as the sum of cash, mar¬ 
ketable securities, and accounts receivable divided by 
current liabilities. 

Additional costs (partial budget): Subcategory of a 
partial budget that itemizes any increase in expendi¬ 
ture that would result from making the relatively small 
change on the farm. Included under the major category 
of Costs. 

Additional revenue (partial budget): Subcategory 
of a partial budget that itemizes any increase in rev¬ 
enue that would result from making the relatively small 
change on the farm. Included under the major category 
of Benefits. 

Agricultural Credit Bank: One of the seven banks 
(the others are regional farm credit banks) that com¬ 
pose the Farm Credit System (FCS) of the Farm Credit 
Administration. FCS is a federally chartered network 
of cooperatives that lends to agricultural producers, ru¬ 
ral homeowners, farm-related businesses, and agricul¬ 
tural, aquatic, and public utility cooperatives. Created 
by the Farm Credit Act of 1971. 

American Society of Agricultural and Biological 
Engineers: An educational and scientific organiza¬ 
tion dedicated to the advancement of engineering ap¬ 
plicable to agricultural, food, and biological systems. 
Founded in 1907. 
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Amortization schedule: A table detailing each peri¬ 
odic payment on a loan that has been distributed into 
smaller payments. 

Annual capital recovery charge: Method to deter¬ 
mine the annual cost of a fixed input that also accounts 
for the opportunity cost of the capital tied up in the 
fixed input. 

Annual percentage rate (APR): True annual rate at 
which interest is charged on a loan. 

Antidumping duties: Levies on products that are 
deemed to be imported at less than fair market 
value. 

Antidumping petition: A legal procedure filed by do¬ 
mestic firms with the Department of Commerce (U.S.) 
and the International Trade Commission (in the United 
States) to seek redress against sales of imported prod¬ 
ucts at prices below their fair market value. 
Antidumping tariffs: Duties imposed on goods im¬ 
ported from companies found to be selling at prices 
below their fair market value at a percentage rate cal¬ 
culated to counteract the margin of difference between 
the sales price and the fair market price. 

Aquatic nuisance species: An organism that threat¬ 
ens the diversity or abundance of native species or the 
ecological stability of infested waters, or the commer¬ 
cial, agricultural, aquaculture, or recreational activities 
dependent on such waters. 

Assets: Physical or financial property that has value 
and is owned by a business or individual. 

Assets, current: Assets normally used up or sold 
within a year. 

Assets, depreciable: Assets that have a definable use¬ 
ful life such that the value of the asset declines with its 
use. 

Assets, noncurrent: An asset that will normally be 
owned or used up over a period longer than a year. 
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Assets, total (balance sheet): The sum of the current 
and noncurrent assets on the balance sheet. 

Assets, total current: Assets that are in the form of 
cash or that can be converted into cash in the next 12 
months. Inventory is included in current assets. 
Assets, total noncurrent: The sum of the assets that 
will normally be owned or used up over a period longer 
than a year. 

Asset-generating loan: Loan that provides a source 
of collateral used by the lender to secure the loan in 
the event of a default of loan repayment. 

Asset turnover ratio: Measure of how efficiently farm 
assets are being used to generate revenue. 

Balance sheet: A financial report summarizing the 
assets, liabilities, and equity of a business at a point in 
time. 

Balloon payments: A loan that does not fully amortize 
payback of all principal over the term of the note; a 
balance is left at maturity. The final payment is called 
a balloon payment because of its large size. 

Bank examiners: An individual who reviews the op¬ 
erations of banks, including the bank’s lending poli¬ 
cies, guidelines, and practices. Employed by state and 
federal banking regulatory agencies. 

Bayesian: Method in the fields of probability and 
statistics that considers the probability of the model 
considering all possible parameter values. 

Beginning cash balance (cash flow budget): The 
amount of cash available to the business at the be¬ 
ginning of the planning period. 

Benefits (partial budget): Major category of a partial 
budget. Sum of the additional revenue and reduced 
costs. 

Book value: The original cost of an asset minus the 
total accumulated depreciation expense taken to date. 
Breakeven price: The selling price for which to¬ 
tal income will just equal total expenses for a given 
level of production. Calculated from the enterprise 
budget. 

Breakeven price above variable costs: The selling 
price for which total income will just equal total vari¬ 
able costs for a given level of production. Calculated 
from the enterprise budget. 

Breakeven price above total costs: The selling price 
for which total income will just equal total costs for a 
given level of production. Calculated from the enter¬ 
prise budget. 


Breakeven yield: The yield level at which total income 
will just equal total expenses at a given selling price. 
Calculated from the enterprise budget. 

Breakeven yield above variable costs: The selling 
price for which total income will just equal total vari¬ 
able costs for a given level of production. Calculated 
from the enterprise budget. 

Breakeven yield above total costs: The selling price 
for which total income will just equal total costs for a 
given level of production. Calculated from the enter¬ 
prise budget. 

Business plan: Formal statement of a set of business 
goals and the plan for reaching those goals. 

Call options: Gives the holder the right to buy a partic¬ 
ular number of shares of a designated common stock 
at a specified price. 

Capital: A collection of physical and financial assets 
that have a market value. 

Capital assets: An asset expected to last through more 
than one production cycle that can be used to produce 
other saleable assets or services. 

Capital budget: Analysis that determines the prof¬ 
itability of a long-term investment. 

Capital budgeting: Process of identifying, evaluat¬ 
ing, and implementing a firm’s investment opportuni¬ 
ties. 

Capital intensive: Enterprise that uses proportion¬ 
ately greater amounts of capital as compared to other 
factors of production. 

Capital recovery factor: Annualized equivalent value 
of the initial investment cost of a capital asset. 
Capital replacement and term debt repayment 
margin: Money remaining after all operating ex¬ 
penses, taxes, family living costs, and scheduled debt 
payments have been made. Cash generated by the farm 
business available for financing capital replacement 
such as machinery and equipment. 

Capital reserves: Resource created by the accu¬ 
mulated capital surplus (not revenue surplus) of a 
firm. 

Capper-Volstead Act: RL. 67-146 is the Co¬ 
operative Marketing Association Act adopted by the 
U.S. Congress on February 18, 1922. It gave associ¬ 
ations of persons producing agricultural products cer¬ 
tain exemptions from antitrust laws. 

Cash: Money or its equivalent (as a check) paid for 
goods or services at the time of purchase or delivery. 
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Cash available (cash flow budget): Quantity of 
money for given time period. Includes beginning cash 
and receipts of all types of other revenue. 

Cash balance (cash flow budget): Line at bottom of 
cash flow budget that indicates the amount of cash 
available after all expenses and debt-servicing pay¬ 
ments have been made. The ending cash balance be¬ 
comes the beginning cash balance of the next time 
period. 

Cash flow: Actual transfers of cash into or from the 
firm. Cash generated by the firm and paid to creditors 
and shareholders. 

Cash flow budget: A projection of the expected 
cash inflows and cash outflows for a business over a 
period. 

Cash flow coverage ratio (cash flow budget): Mea¬ 
sure of the firm’s ability to service debt (both interest 
and principal payments). Calculated as excess avail¬ 
able cash divided by the sum of total interest paid plus 
payments on intermediate and long-term debt. 

Cash flow deviation report: Tabulation of the differ¬ 
ences between the projected cash flow and the actual 
cash flow. 

Cash flow risk (cash flow budget): Fluctuations in 
the flow of cash inflow and outflow. 

Cash flow statement: Financial tabulation that shows 
the annual flow and timing of cash coming into and 
out of a business. 

Cash inflow (cash flow budget): Cash receipts by bud¬ 
geting period. Includes beginning cash (from ending 
cash balance at end of previous planning period) and 
receipts from sale of any product during that planning 
period. 

Cash outflow (cash flow budget): Cash expenses by 
budgeting period. Includes all variable costs and debt¬ 
servicing payments that include both principal and in¬ 
terest payments. 

Cash position: The amount of cash that a farm has 
available to it at a given point in time. 

Clean Water Act: The principal federal law re¬ 
lated to protection of the quality of surface waters 
in the U.S. Created by the 1972 amendment to the 
Federal Water Pollution Control Act (known as the 
Clean Water Act or CWA). Section 402 of the CWA 
specifically required the Environmental Protection 
Agency (EPA) to develop and implement the National 
Pollution Discharge Elimination System (NPDES) 
program. 


Cobb-Douglas function: A standard production func¬ 
tion which is applied to describe how much output two 
inputs into a production process make. Exhibits con¬ 
stant returns to scale. 

Coefficient of variation: Measures risk per unit of 
return. It is calculated as the standard deviation divided 
by the mean. 

Compounding: Involves finding the future value of 
money invested today. Determines how money will 
grow over time. 

Confidence interval: In statistics, a particular kind of 
interval estimate of a population parameter. Instead of 
estimating the parameter by a single value, an interval 
is given that is likely to include the parameter. Used to 
indicate the reliability of an estimate. 

Constraints (mathematical programming): Restric¬ 
tions or limitations imposed on a mathematical pro¬ 
gramming problem. 

Continuous data: Data which has a potentially infinite 
number and divisibility of attributes. 

Correlations: A statistical concept that relates move¬ 
ments in one set of variables to movements in another. 

Costs (partial budget): Major category of a partial 
budget. Sum of the reduced revenue and additional 
costs. 

Credit: Capacity or ability to borrow money. 

Credit capacity: Maximum dollar amount that lenders 
would approve in loan funds to a particular individual 
or farm. Total amount of capital that could be borrowed 
by an individual. 

Credit reserves: Source of liquidity that arises from 
the liability side of the firm’s activities. Borrower’s 
expectation of additional funds that lenders may be 
willing to loan to a firm or to an individual borrower 
to finance transactions and investment opportunities. 

Credit scoring: Process of evaluating an individual’s 
credit worthiness and likelihood of repayment of fi¬ 
nancial obligations. 

Credit evaluation: Use of a statistical model based 
on applicant attributes to assess whether a loan auto¬ 
matically meets minimum credit standards. The model 
assigns values to potential borrowers’ attributes, with 
the sum of the values compared to a threshold. 

Credit worthiness: Lender’s evaluation of the ability 
of an individual to repay borrowed capital. 
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Crystal Ball®: An add-in program to Microsoft® 
Excel that allows the user to add distributions into 
spreadsheet cells to replace point values. 

Cultivated Clam Pilot Insurance Program: First 
federal U.S. crop insurance program for aquaculture. 
Began in 2000 in four Atlantic coast states. 
Cumulative distribution function: Provides the 
probability that a value drawn from a distribution will 
be less than or equal to some specified value. 

Current ratio: Total current assets divided by total 
current liabilities. The current ratio is used to measure 
short-term solvency of a firm. 

Debt capital: Funds that constitute a financial obli¬ 
gation on which interest and other fees have to be 
paid. 

Debt/asset ratio: Calculated as total debt (sum of cur¬ 
rent and long-term liabilities) divided by total assets. 
It measures the proportion of assets financed by bor¬ 
rowers. 

Debt/equity ratio: Calculated as the total debt divided 
by the stockholders’ equity. 

Debt structure ratio: Measure of the capacity of the 
business to service short-term, intermediate-term, and 
long-term debt. 

Debt servicing ratio: Measure of the sum of interest 
and principal payments as a proportion of the total 
cash available. Indicator of liquidity with respect to 
loan repayments. 

Debt-servicing: Payment of debts according to a spec¬ 
ified schedule. 

Debtor turnover period: Efficiency ratio that exam¬ 
ines the bills owed to the business. A high debtor period 
requires follow up to ensure swifter payment. 
Decision criteria: Set of rules that can be used to 
evaluate the information available and make a deci¬ 
sion even though the end results are not known with 
certainty. 

Decision tree: A graphical representation of alterna¬ 
tive sequential decisions and the possible outcomes of 
those decisions. 

Decision variables (mathematical programming): 

A variable that represents an input that can be con¬ 
trolled, in mathematical programming models. 

Depreciation: An annual, noncash expense to recog¬ 
nize the amount by which an asset loses value due to 
use, age, and obsolescence. It spreads the original cost 
over the asset’s useful life. 


Depreciation expense ratio: Measure of economic 
efficiency. Total depreciation expense divided by gross 
revenue. 

Differentiated product: Good similar to others that 
differs in one or more ways, often in a minor attribute, 
such as a different color, shape, or size. 

Discount rate: The interest rate used to find the present 
value of an amount to be paid or received in the future. 
Discounting: Process of determining the present 
value, or the value as of today, of a future cash flow. 
Discrete data: Numeric digits with no intermediate 
amounts possible. 

Diseconomies of size: Production relation in which 
the average total cost per unit of output increases as 
more output is produced. 

Distributions, beta: Family of continuous probability 
distributions on the interval between 0 and 1. 
Distributions, gamma: Two-parameter probability 
distributions with a scale parameter. 

Distributions, Weibull: Continuous probability dis¬ 
tribution similar to gamma function. Can be used to 
model biological growth. 

Diversification: Production of two or more commodi¬ 
ties for which production levels and/or prices are not 
closely correlated. 

Dual price (mathematical programming): Improve¬ 
ment in the value of the optimal solution per unit in¬ 
crease in the right hand side of a constraint. 
Dumping: Selling products at prices below the cost of 
production and below normal domestic prices. 
Dynamic optimization (mathematical program¬ 
ming): Identification of the best set of management 
solutions over time for various possible states. 
Dynamic programming (mathematical program¬ 
ming): Type of mathematical programming model that 
allows for solutions to problems that have multiple 
stages using inductive principles. Defines optimal di¬ 
rections and payoffs for each stage depending upon the 
status at the beginning of the stage for various possible 
states. 

Economic analysis: Analysis of how people, individ¬ 
ually and in groups, allocate scarce resources among 
competing uses to maximize satisfaction over time. 
Economic engineering: Process that uses data from 
university reports, manufacturers, and other secondary 
sources to prepare a budget instead of developing the 
budget based on historical farm records. 
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Economies of scale: Condition in which average per- 
unit costs decrease as the size of business increases; 
decreasing average costs with increasing output levels. 
Economy of size: Larger companies can operate at 
relatively lower costs by having cost advantages. 
Elasticity of demand: Degree of responsiveness of 
quantity demanded to a given change in price. 
Enterprise budget: A projection of all the costs and 
returns for a single enterprise. 

Equal principal payments: Loan amortization sched¬ 
ule in which the amount of principal paid in each peri¬ 
odic payment is constant but the total payment declines 
over the life of the loan. 

Equal total payment loans: Loan amortization sched¬ 
ule in which the periodic payments are constant. 
Equipment loan: Funds borrowed to purchase equip¬ 
ment. 

Equity: Amount by which the value of total assets 
exceeds total liabilities. Amount of the owner’s capital 
invested in the business. 

Equity capital: Funds obtained from the owner(s), 
partners, and investors of the business. 

Equity/asset ratio: Ratio of owner's equity to total 
assets. Measure of solvency. 

E-V model (mathematical programming): Type 
of mathematical programming model in which the 
farmer’s preferences for sets of management options 
are assumed to be based on the expected income and 
the associated variance of the income. See also Mean- 
Variance Model. 

External opportunities: Component of a SWOT 
(Strengths, Weaknesses, Opportunities, and Threats) 
analysis in which potential benefits may arise from 
outside the immediate business context of the com¬ 
pany. 

External threats: Component of a SWOT (Strengths, 
Weaknesses, Opportunities, and Threats) analysis in 
which potentially adverse events may affect the busi¬ 
ness from outside the immediate business context. 
Fair Labor Standards Act: U.S. federal law that es¬ 
tablishes a minimum wage, guaranteed time and a half 
for overtime in certain jobs, and prohibits child labor. 
Farm credit banks: Regional lending associations 
that provide funds and services to the Federal Land 
Bank Associations, Federal Land Credit Associations, 
and Production Credit Associations. Members of the 
Farm Credit System. 


Farm credit system: Borrower-owned cooperative es¬ 
tablished by the authority of the U.S. Congress that 
makes loans to farmers and ranchers. 

Farm Financial Standards Council: A committee 
of agricultural financial experts that developed a set of 
guidelines for uniform financial reporting and analysis 
of farm businesses. 

Farm Service Agency (FSA): USDA agency that now 
includes what previously was known as the Farmers 
Home Administration. Also includes former Agricul¬ 
tural Stabilization and Conservation Service. 

Federal Deposit Insurance Corporation (FDIC): 
Federal agency that insures deposits in member banks 
for up to $100,000. 

Federal Insurance Contributions Act (FICA): Fed¬ 
eral law that created a retirement and disability pro¬ 
gram commonly called Social Security. 

Fee fishing: Business designed to generate revenue 
from fees paid by anglers to fish in a private pond or 
lake. Fees can be charged by the day, the hour, or the 
number or weight of fish caught. Also referred to as 
“pay lakes.” 

Feed conversion ratio: A measure of feed efficiency. 
Calculated as the pounds of feed fed divided by the 
pounds of weight gained by the fish during the same 
time period. 

Feed yield ratio: Farm-wide measure of feed effi¬ 
ciency. Measured as the total feed fed divided by the 
weight of fish sold from the farm. 

Financial contingency plan: Organized set of actions 
designed to be prepared to react quickly to adverse 
conditions that may negatively affect the farm busi¬ 
ness. 

Financial leverage ratio: Measure of how well the 
business uses debt versus equity capital. Calculated by 
dividing the Return on Equity by the Return on Assets. 

Financial analysis: Evaluation of a farm's financial 
health, its financial position and performance. Includes 
its profitability, solvency, liquidity, repayment capac¬ 
ity, and financial efficiency. 

Financial performance: Evaluation of a farm’s prof¬ 
itability, solvency, liquidity, repayment capacity, and 
efficiencies. 

Financial position: Financial resources controlled by 
a farm and the claims against those resources. 

Financial risk: Includes the cost and availability of 
debt capital, the ability to meet cash flow needs in a 
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timely manner, ability to maintain and grow equity, 
and the increasing chance of losing equity by larger 
levels of borrowing against the same net worth. 
Financial statement: Often used as another term for 
balance sheet but is a general term for other documents 
relating to the financial condition of a business such as 
an income statement, statement of cash flows. 

Firm growth: Increase in the net worth and physical 
plant of a company. 

Fishermen’s Collective Marketing Act of 1934: Fed¬ 
eral law that allows fishermen to jointly harvest, mar¬ 
ket, and price their product without violating antitrust 
laws. 

Flow of funds analysis: Table that traces the flow of 
cash through the business during the year and monitors 
changes in assets and liabilities. 

Food and Agriculture Organization: Agency of the 
United Nations that is responsible for issues related to 
worldwide food and agriculture production. 

Fixed costs: Costs that will not change in the short run 
even if no production takes place. 

Forward contracting: Contract between a buyer and 
seller that fixes the price of a commodity before it is 
delivered. 

Forward price contracts: Contractual obligations for 
a buyer to pay a specified price for a specified volume 
of production from a farmer. 

Full-Time Equivalents (FTEs): Standardized unit for 
reporting quantities of labor used that allows for adding 
part-time and full-time labor into one measure. 
Future value (FV): Value that a payment or set of 
payments will have at some time in the future, when 
interest is compounded. 

Futures contracts: Standardized, legally binding 
agreements to either deliver or receive a certain quan¬ 
tity and grade of a specific commodity during a desig¬ 
nated delivery period. 

General algebraic modeling system (GAMS): Soft¬ 
ware used commonly to run mathematical program¬ 
ming models. 

General partnership: Form of unincorporated busi¬ 
ness with two or more co-owners who are known as 
general partners and who take active roles in the man¬ 
agement and obligations of the business. 

Hazard Analysis of Critical Control Points 
(HACCP): Food safety program that: (1) analyzes 
hazards; (2) identifies critical control points; (3) estab¬ 


lishes preventive measures with critical limits for each 
control points; (4) establishes monitoring procedures 
for each critical control point; (5) establishes correc¬ 
tive actions; (6) develops record-keeping systems, and 
(7) establishes verification procedures. 

Hedging: Strategy for reducing the risk of a decline 
in prices by selling a commodity futures contract in 
advance of when the actual commodity is sold. 
Horizontal integration: Combining firms at the same 
level of the marketing chain (with similar marketing 
functions) join together to pursue a new marketing 
opportunity. 

Illiquid assets: Assets that are expected to be used in 
the business for many years and are not easily con¬ 
verted to cash. 

Income above variable costs (enterprise budget): 

Measure of receipts that remain after charging all vari¬ 
able costs in an enterprise budget. 

Income statement: Table that itemizes revenues re¬ 
ceived by source and expenses for a specific period of 
time. Also known as a profit and loss statement. 
Income elasticity: Measure of the response of the 
quantity demanded to changes in income. 

Installment loan: Amortized loan. Loan that has pe¬ 
riodic interest and principal payments. 

Internal strengths: Component of a SWOT 
(Strengths, Weaknesses, Opportunities, and Threats) 
analysis in which opportunities arise from specific 
skills and talents available from within the company. 
Internal weaknesses: Component of a SWOT 
(Strengths, Weaknesses, Opportunities, and Threats) 
analysis in which areas of deficiency within 
the company result in negative and problematic 
conditions. 

Interest: Amount paid to a lender for the use of bor¬ 
rowed money. 

Interest coverage ratio: Measure of solvency that ac¬ 
counts for the relative claims on the returns to farm 
assets. Calculated by dividing the firm’s return to as¬ 
sets by the amount of interest charges for a specific 
time period. 

Interest expense ratio: Measure of economic effi¬ 
ciency. Calculated by dividing farm interest expense 
by gross revenue. Indicates degree of dependence on 
borrowed capital. 

Interest on operating capital: Charge for use of funds 
expended to cover the variable costs of the business. 
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Interest on investment: Charge for use of funds ex¬ 
pended annually for assets and resources that are used 
over a period of time greater than a year, i.e., land, 
equipment, buildings. 

Interest rate: Percentage of amount due that is 
charged for use of money borrowed. 

Internal rate of return (IRR): Discount rate that sets 
the net present value of the investment to zero. 
Inventory management: Decision making related to 
the number, type, and value of assets that are owned at 
a point in time. 

Investment analysis: Analysis of the profitability of a 
dollar invested in a specific business venture over the 
course of its business life. 

Investment capital: Funds used in the process of 
adding assets to a business. 

Labor-capital substitution: Of the four factors of pro¬ 
duction (land, labor, capital, and management), labor 
and capital can substitute for each other in varying 
proportions. For example, an earthen pond can be dug 
entirely by hand if enough people and time are avail¬ 
able, or it can be constructed in a much shorter period 
of time with many fewer people by using a tractor and 
pan and scraper. 

Labor efficiency: Measure of the output, cost, or in¬ 
come from an enterprise or farm per person-year. Ex¬ 
amples include the value of the farm production per 
employee, the labor cost per crop acre, the crop acres 
per person, etc. 

Labor schedule: Table that shows the quantity and 
type of labor required for each activity on the farm by 
time period (week or month). 

Lacey Act: U.S. federal law administered by the De¬ 
partment of the Interior under which it is unlawful for 
any person to import, export, transport, sell, receive, 
acquire, or purchase any fish or wildlife or plant taken, 
possessed, transported, or sold in violation of any law, 
treaty, or regulation of the United States or in viola¬ 
tion of any Indian tribal law whether in interstate or 
foreign commerce. Used to restrict interstate transport 
of nuisance species listed under the Lacey Act. 
Leasing: Act of entering into an agreement that allows 
a person to use and/or possess someone else’s property 
in exchange for a rental payment. 

Leverage: Practice of using credit to increase the 
total capital managed beyond the amount of owner 
equity. 


Liabilities: Financial obligations (debt) that must be 
paid at some future time 

Liabilities, current: Liabilities normally paid within 
a year. Obligations expected to require cash payment 
within one year. 

Liabilities, noncurrent: Financial obligations that 
will normally be paid over a period longer than a year. 
Liabilities, total current: Total of all financial obli¬ 
gations to be paid within a year. 

Liabilities, total: Sum of total current liabilities and 
total noncurrent liabilities. 

Liabilities, total noncurrent: Sum of all financial 
obligations that would be paid over a period longer 
than a year. 

Liability insurance: A type of insurance designed 
to offer specific protection against third-party claims, 
someone who suffers a loss who is not a party to the 
insurance contract. 

Limited partnership: Form of business in which more 
than one person has ownership, but some (the limited 
partners) do not participate in management and have 
liability limited to the amount of their investment. 
Line of credit: Arrangement by which a lender trans¬ 
fers loan funds to a borrower as they are needed, up to 
a maximum amount. 

Linear programming: Mathematical model with a 
linear objective function, a set of linear constraints, 
and non-negative variables. 

Liquid assets: Assets that can be converted readily to 
cash. 

Liquid reserves: Assets held that are not obligated 
and that can be readily converted to cash in the event 
of unanticipated adverse circumstances. 

Liquidity: The ability of a business to meet its cash 
financial obligations as they come due. 

Livehaulers: Individuals who own a fish hauling truck 
and contract to transport fish. 

Loan amortization: Table that spreads the repayment 
of a loan out over the specified number of payments 
for the length of the loan and indicates the amount of 
each payment that is applied to the principal and that 
of the interest payment. 

Loan limits: Maximum amounts that a lender will 
loan to an individual or a business. 

Loans: Sum of money borrowed from a bank on a con¬ 
tractual basis that determines the length of the lending 
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period, the interest rate, and the number of payments 
to be made. 

Long position: Situation in which the trader owns the 
security in question and will profit if the price of the 
security goes up. 

Long-run average cost curve: Graphical representa¬ 
tion of the relationship between the cost per unit of 
production and the total quantity of production. Tends 
to fall with increasing quantity produced if economies 
of scale are present and increases if diseconomies of 
scale exist. Developed by combining a series of short- 
run average cost curves and then developing a curve 
that envelops the short-run cost curves. 

Long-term capital: Funds used to acquire fixed assets 
that will be used for a number of years in the business. 

Long-term debt to equity: Ratio of long-term debt 
to the equity in the business to assess the effect of the 
level of long-term debt to the level of financial risk of 
the business. 

Management: Making and implementing decisions 
that allocate limited resources in ways to achieve an 
organization’s goals. 

Management intensive: Enterprise that uses propor¬ 
tionately greater amounts of management expertise 
and time as compared to other factors of production 
and to other types of enterprises. 

Market power: Ability of a firm to alter the market 
price of a good or service. 

Market risk: Variability and fluctuations in market 
prices, market requirements, and market access. 
Marketing cooperatives: Special type of corporation 
in which the members who contribute capital enjoy 
limited liability. Remaining net income is distributed 
to members typically based on the amount of business 
of each member. Members must perceive that work¬ 
ing together will provide more benefits than operating 
independently. 

Marketing plan: Document that outlines and de¬ 
scribes the current situation of the industry and firm, 
the marketing goals and objectives of the business, and 
describes the series of actions necessary to accomplish 
the goals and objectives of the plan. 

Mathematical programming: Method of determin¬ 
ing the best use of resources to achieve either a profit- 
maximizing or a cost-minimization objective. 
Maturity period: The amount that will be received at 
the time a security is redeemed. 


Maximin: Decision criterion that selects the action 
that, after identifying the minimum return of each pos¬ 
sible action, has the largest minimum return. Chooses 
the maximum of the minimums. 

Maximum expected returns: Decision criterion for 
risk management that is based on selecting the option 
with the largest total weighted potential returns. 

Mean-variance model (mathematical program¬ 
ming): Type of mathematical programming model in 
which the farmer’s preferences for sets of management 
options are assumed to be based on the expected in¬ 
come and the associated variance of the income. See 
also E-V model. 

Median: Middle value of an ordered group of obser¬ 
vations. 

Migratory Bird Act: Federal statute that protects mi¬ 
gratory birds. The original 1918 statute implemented 
a 1916 Treaty between the U.S. and Great Britain (for 
Canada) for the protection of migratory birds. Pro¬ 
hibits hunting, capturing, killing, or possessing migra¬ 
tory birds. 

Minimax: Decision criterion that selects the action 
that, after identifying the maximum regret of each 
possible action, has the smallest maximum regret. 
Chooses the minimum of the maximums. 

Minneapolis Grain Exchange: Regional market 
place organized to promote fair trade and prevent 
abuses in the market for wheat, corn, and soybeans. 
First organized as a cash market and then futures and 
options markets. 

Mode: Most frequent value in a set of observations. 
Monte Carlo simulations: Technique that involves 
using random numbers and probability to solve prob¬ 
lems. 

MOTAD (mathematical programming): Minimiza¬ 
tion of the Total Absolute Deviations model. Incorpo¬ 
rates risk into the model and is most relevant when the 
variance of the farm income is modeled with sample 
data. 

Multiperiod programming (mathematical pro¬ 
gramming): Type of mathematical programming 
model that incorporates several planning periods, such 
as multiple years or multiple quarters. 

Multiple-peril insurance: Insurance program that 
provides comprehensive protection against weather- 
related causes of loss and other unavoidable perils to 
crop yield. 
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Net benefit (partial budget): Bottom line of a partial 
budget. Calculated by subtracting the value of Costs 
from that of Benefits. If positive, the change analyzed 
is considered to be economically worthwhile. 

Net capital ratio: Measure of solvency. Calculated by 
dividing total assets by total liabilities. 

Net farm income: The difference between total rev¬ 
enue and total expenses, including gain or loss on the 
sale of all capital assets. Also, the return to owner 
equity, unpaid labor, and management. 

Net farm income from operations: The difference 
between total revenue and total expenses, not in¬ 
cluding gain or loss on the sale of certain capital 
assets. 

Net present value: Sum of the present values of future 
after-tax net cash flows minus the initial investment. 

Net returns (enterprise budget): Measure of the prof¬ 
itability of an enterprise. Bottom line on an enterprise 
budget. 

Net returns to operator’s labor and management 
(enterprise budget): Measure of the profits earned by 
an enterprise from use of all resources other than the 
operator’s labor and management. 

Net returns to risk (enterprise budget): Measure 
of the profits earned by an enterprise from use of all 
resources other than risk. 

Net worth: The difference between the value of the as¬ 
sets owned by a business and the value of its liabilities. 
Also called owner equity. 

Niche market: An area in which there is little compe¬ 
tition for a specific type of product. 

Non-negativity (mathematical programming): 
Condition that requires that decision variables take on 
a zero or positive value. 

Normal distributions: Continuous probability distri¬ 
bution that describes data that clusters around a mean 
or average. The graph of the associated probability 
density function is bell-shaped, with a peak at the 
mean. 

NPDES permit: National Pollution Discharge Elim¬ 
ination System. Federal law enforced by state envi¬ 
ronmental management agencies. Requires permits to 
discharge if the quantity of effluent or its concentration 
exceeds certain specified levels. 

Objective function (mathematical programming): 
The mathematical equation that defines the variables 
to be maximized or minimized. 


Office International de Epizooties: Now the World 
Organization for Animal Health. International gov¬ 
ernmental organization founded to: (1) guarantee the 
transparency of animal disease status worldwide; (2) 
collect, analyze, and disseminate veterinary scientific 
information; (3) provide expertise and promote inter¬ 
national solidarity for the control of animal diseases; 
and (4) guarantee the sanitary safety of world trade 
by developing sanitary rules for international trade in 
animals and animal products. 

Operating capital: Funds used to cover the variable 
costs of the business. 

Operating expense ratio: Measure of economic effi¬ 
ciency. Calculated by dividing total operating expenses 
by gross revenue. 

Operating fine of credit: Type of loan in which the 
borrower negotiates to receive funds up to an approved 
maximum amount. Income received is used to pay first 
the accumulated interest on the loan, then is applied to 
the outstanding principal. There is no fixed repayment 
schedule. 

Operating profit margin ratio (OPMR): Value rep¬ 
resented by net farm income from operations, plus 
interest expense, minus opportunity cost of operator 
labor and management, expressed as a percentage of 
gross revenue. 

Opportunity costs: The income that could be received 
by employing a resource in its most profitable alterna¬ 
tive use. 

Operating loans: Funds borrowed to cover variable 
costs of operating the farm business. 

Optimization: Name of a group of tools to solve man¬ 
agerial problems in which the decision maker must 
allocate limited resources among various activities to 
identify the best outcome. 

Organizational structure: Type of business owner¬ 
ship such as sole proprietorship, partnership, limited 
liability company, etc. 

Outlier: One or more observations in a dataset that are 
so extreme in value that their inclusion is questioned 
for sampling error. 

Owner equity: The difference between the total value 
of the assets of a business and the total value of its 
liabilities; also called net worth. 

Parameter: Quantity that describes or characterizes 
a population. Typically estimated by random sam¬ 
pling of the population. Estimates referred to as 
statistics. 
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Partial budget: An estimate of the changes in income 
and expenses that would result from carrying out a 
proposed change in the current farm plan. 
Partnership: Form of business organization in which 
two or more partners have joined to operate a business. 
Pay lakes: Business designed to generate revenue 
from fees paid by anglers to fish in a private pond 
or lake. Fees can be charged by the day, the hour, or 
the number or weight of fish caught. Also known as 
“fee fishing.” 

Payback period: Number of years required to recover 
the initial cost of the investment. 

Payment (lending): Periodic expense of a loan in 
which a portion of the principal and the accrued in¬ 
terest are returned to the lender. 

Payoff matrix: Table of potential returns or payoffs 
that could be obtained if certain actions are taken and 
certain events occur. 

Present Value (PV): Current value of a set of pay¬ 
ments to be received or paid out over a period. 

Price risk: Fluctuations in market prices that can cre¬ 
ate adverse economic consequences for a farm busi¬ 
ness. 

Pricing: Strategy to select the value at which to offer 
a product in the market place. 

Principal: Amount borrowed, or the part of the origi¬ 
nal loan that has not yet been repaid. 

Probability density function: Relationship that de¬ 
scribes the density of probability at each point in the 
sample space. Also known as a probability distribution 
function. 

Produet-space map: Diagram of dual continuums of 
price and quality across which products can be posi¬ 
tioned to assist in the identification of the most effec¬ 
tive pricing strategy. 

Product positioning: Process of selecting the price- 
quality point in the market that matches consumer ex¬ 
pectations. 

Product life cycle: Patterns of sales of a product from 
the point when it is first introduced into the market 
until it reaches a point of decline in sales revenue. 
Production efficiency: Quantity of production per 
unit of a factor of production, i.e., quantity produced 
per acre, quantity produced per dollar of investment 
capital. 

Production risk: Fluctuations in the level of produc¬ 
tion that occur due to weather, pests, diseases, technol¬ 


ogy, machinery efficiency and reliability, and quality 
of inputs. 

Promotion: Efforts made to communicate the desir¬ 
able attributes of a product to potential buyers. Includes 
advertising and public relations initiatives by the busi¬ 
ness. 

Products with existing demand: A good that is pro¬ 
duced that is currently available in the market. 

Profit, accounting: Gross revenue minus total ex¬ 
penses where both values are computed using standard 
accounting principles and practices. 

Profit, economic: Accounting profit less opportunity 
costs on all unpaid resources. 

Profit and loss statement: Table that itemizes rev¬ 
enues received by source and the expenses for a spe¬ 
cific period of time. Also known as the income state¬ 
ment. 

Profitability: The degree or extent to which the value 
of the income derived from a set of resources exceeds 
their cost. 

Proportionality (mathematical programming): 

Linear property that requires that the value of each 
variable is directly proportional to its use. 
Proprietorship: Ownership of a business. 

Put option: Contract that gives the buyer the right to 
sell a futures contract for an agricultural commodity 
at a specified price. 

Quadratic programming (mathematical program¬ 
ming): Type of mathematical programming model that 
includes quadratic equations to represent the variance, 
or risk of various parameters. 

Rate of return on farm assets (ROA): Percentage 
value represented by net farm income from operations, 
plus interest expense, minus the opportunity cost of 
operator labor and management. 

Rate of return on farm equity (ROE): Percentage 
value of net return generated by the business before 
gains or losses on capital assets are realized, but after 
the value of unpaid labor and management is sub¬ 
tracted. 

Real estate loan: Funds borrowed for the purpose of 
acquiring assets such as land and buildings. 
Recommended management practices: Set of strate¬ 
gies and decisions that follow guidelines of established 
authorities in the particular subject matter. 

Reduced costs (partial budget): Subcategory of a 
partial budget that itemizes any decreases in cost that 
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would result from making a relatively small change 
on the farm. Included under the major category of 
Benefits. 

Reduced costs (linear programming): Amount by 
which an objective function coefficient would have 
to improve (increase for a maximization problem, de¬ 
crease for a minimization problem) before it would be 
possible for the corresponding variable to assume a 
positive value in the optimal solution. 

Reduced revenue (partial budget): Subcategory of a 
partial budget that itemizes any decrease in revenue 
that would result from making the relatively small 
change on the farm. Included under the major cate¬ 
gory of Costs. 

Redundancy (mathematical programming): One or 

more constraints in a linear programming model that 
do not affect the feasible region. 

Regrets matrix: Table of potential regrets that re¬ 
sult from having chosen a certain action instead of 
any other alternative action. Calculated from a payoff 
matrix. 

Repayment capacity: Ability to cover cash outflow 
from cash inflows over a period of time. 

Retained earnings: Net income generated by a farm 
business used to increase owner equity rather than be¬ 
ing withdrawn to pay for living expenses, taxes, or 
dividends. 

Return to labor (income statement): That portion 
of net farm income (profit measured on the income 
statement) that can be attributed to the labor used in 
the business. 

Return to management: Net return generated by a 
business after all expenses have been paid and the 
opportunity costs for owner’s equity and unpaid labor 
have been subtracted. 

Return to labor and management (income state¬ 
ment): That portion of net farm income (profit mea¬ 
sured on the income statement) that can be attributed 
to the combined labor and management used in the 
business. 

Revenue: Economic gain resulting from the produc¬ 
tion of goods and services, including receipts from the 
sale of commodities, other cash payments, increases 
in inventories, and accounts receivable. 

Revenue, total: Income received from sale of the total 
physical product; same as total value product. 


Right-hand side value (mathematical program¬ 
ming): Capacities or availability of the various re¬ 
sources, usually expressed as an upper or lower limit. 
Express minimum requirements for a greater-than-or- 
equal to constraint. 

Risk: A situation in which more than one possible 
outcome exists, some of which may be unfavorable. 

@RISK® : An add-in program to Corel LOTUS-1-2-3 
that allows the user to add distributions into spread¬ 
sheet cells to replace point values. 

Risk programming model (mathematical program¬ 
ming): Type of mathematical programming model that 
incorporates risk-averse behavior. 

Risk management: Systematic application of man¬ 
agement policies, procedures, and practices to the tasks 
of identifying, analyzing, assessing, treating, and mon¬ 
itoring risk. 

Risk and returns comparison: Evaluation of the re¬ 
turns possible at various levels of risk; alternatively, 
the risk levels associated with various levels of returns 
(profits). 

Safety-first rule: Decision criterion that first elimi¬ 
nates all possible actions that violate the safety-first 
rule and then chooses from the remaining actions that 
which has the largest expected return. 

Security collateral: Asset pledged as support for a 
loan application. If the borrower defaults on the loan, 
the asset becomes property of the lender. 
Self-liquidating loan: Loan that will be repaid from 
the sale of assets originally purchased with the loan 
funds. 

Sensitivity analyses: A procedure for assessing the 
riskiness of a decision by using several possible price 
and/or production outcomes to budget the results, and 
then comparing them. 

Separability (mathematical programming): Prop¬ 
erty that specifies that various levels of a variable are 
independent and not indivisible. 

Shadow pricing: Value obtained from a linear pro¬ 
gramming solution that shows the amount by which 
total gross margin would be increased if one more unit 
of a limiting input were available. 

Share leases: Agreement in which a percentage of the 
physical yield is returned to the landowner in return 
for allowing the tenant to use the land. 

Short position (hedging): Promise to sell a certain 
quantity of a good for a particular price in the future. 
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Short-term capital: Funds used in a business over the 
near term, typically a period of one year. 

Simple rate of return (investment analysis): Mea¬ 
sure of profit from a business investment. Calculated 
as the average net returns divided by the value of the 
investment and multiplied by 100. 

Simulation model: Descriptive technique for con¬ 
ducting experiments with a system by checking the 
performance of different configurations or scenarios 
of the system. Often based on a computerized mathe¬ 
matical model of a management system operating for 
an extended period of time. Shortcoming is that it does 
not identify the best alteration. 

Single-payment loan: Loan that is structured in a 
manner that both the principal and the total interest 
charged are repaid in one payment. 

Small Business Administration: Agency of the U.S. 
federal government charged with advocacy for small- 
scale businesses. 

Sole proprietorship: Business owned by one owner. 
All profits, losses, and liabilities accrue to the owner. 
Solvency: Ability to pay off all debts at a certain point 
in time. 

Specialty markets: Market developed for a product 
that is highly differentiated and occupies a higher- 
priced position of this segment in the market. 
Statement of cash flow: Summary of the actual cash 
inflows and cash outflows experienced by a business 
during an accounting period. 

Stochastic cost function: Relationship of determi¬ 
nants of costs which incorporates probabilities associ¬ 
ated with fluctuations in their values. 

Stochastic dominance: Method developed that uses 
partial information on the investor’s preferences or ran¬ 
dom variables to order the available investment options 
from best to worst. 

Stock turnover ratio: Calculates how many times the 
business has sold the value of its stocks during the 
year. Calculated by dividing the value of goods sold 
by the value of its stock. 

Strategic goals: Targets established for strengthening 
the farm’s overall position and competitive vitality. 

Subchapter C Corporation: Corporation in the 
United States that is taxed separately from its own¬ 
ers. The corporation is taxed as a separate business 
entity. 


Subchapter S Corporation: Corporation with be¬ 
tween 1 and 100 shareholders that passes through net 
income or losses to shareholders. 

Sunk cost: Cost that is not affected by the decision 
made. Cost that will be incurred regardless what values 
the decision variables assume. 

Supply chain management: Managing the flow of 
resources, final products, and information among input 
suppliers, producers, resellers, and final consumers. 

Tableau (mathematical programming): Array of co¬ 
efficients in which the columns represent alternative 
production or marketing activities and the rows repre¬ 
sent the limitations on those activities. 

Target MOTAD (mathematical programming): 
Type of MOTAD risk model in which a target income is 
set and the model solves for the farm plan that deviates 
the least from this target. 

Tariffs: Tax placed by a government on internationally 
traded goods, generally imports. Also called customs 
duties. 

Technical risk: Fluctuations in the production or yield 
of the crop that cause adverse economic and financial 
outcomes. 

Term debt and capital lease coverage ratio: Measure 
of the debt repayment capacity of the business. Ratio of 
the cash available for term debt payments for the past 
year, divided by the total of the term debt payments 
due in the next year, including principal and interest 
on amortized loans plus capital lease payments. 

Terms of lending: Constitute the length of time of the 
loan, the interest rate, the number of payments, and the 
amount of each payment. 

Total costs (enterprise budget): The sum of total 
fixed cost and total variable cost. 

Total fixed costs (enterprise budget): The sum of all 

fixed costs. 

Total variable costs (enterprise budget): The sum of 
all variable costs. 

Transshipment (mathematical programming): 

Type of mathematical programming problem that 
allows for intermediate destinations in optimizing 
transportation of products from the locations where 
produced to those where purchased and consumed. 
Triangular distributions: Estimating probabilities 
using only the most likely, lowest, and highest 
values. 
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Turnover ratio: Measure of the number of times a 
company’s inventory is replaced during a given time 
period. 

Unbounded solution: Situation in which the values 
in the solution can take on infinitely large values (in a 
profit-maximization model) and infinitely small values 
(in a cost-minimization model). 

Uncertainty: Knowing some of the possible outcomes 
but not the probabilities. 

Undercapitalization: Level of funds that is inade¬ 
quate to meet all funding needs of the business. 

Unpaid family labor: Quantity of uncompensated la¬ 
bor provided by family members. 

Unsecured loan: Loan for which the borrower does 
not give the lender the right to possess certain assets if 
the repayment terms are not met. No collateral. 
Valuation: Method to estimate the value of business 
assets. 

Valuation, cost basis: Method that values assets by the 
original cost. Used for land, feed, and other supplies 
and purchased feeder livestock. 

Valuation, market basis: Method that values assets 
by using its current market price. Used for stocks. 


bonds, and feeder livestock, items that will be sold in 
near future. 

Variable costs (enterprise budget): Charges that re¬ 
flect resources used that depend on and vary with the 
volume of production. 

Variance (risk analysis): Measure of the dispersion 
or variability in the random variable. 

Vertical integration: When a firm operates at more 
than one level of a series of levels leading from raw 
materials to the final consumer in the business chain. 
Veterans Health Administration: Agency of the U.S. 
Department of Veterans Affairs. Provides health ben¬ 
efits to veterans of the U.S. Armed Forces. 

Whole-farm modeling: Method to analyze the entire 
farm in one economic and financial model. Can include 
budgeting or mathematical programming methods. 
Working capital: Difference in value between current 
assets and current liabilities. Measure of liquidity. 
Years of useful life: Number of years used to fully 
depreciate a depreciable asset. 

Yield risk: Variability in the yield of aquaculture crops 
that can result in adverse economic and financial out¬ 
comes. 
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